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Preface 


The  mld*ulr  deployment  ami  inflation  of  n Inrijp  balloon  system  Is  n rhuHcnnln# 
technical  endeavor,  'Che  author  has  had  the  pioneering  efforts  of  James  C.  Payne, 
Ids  Air  Koroo  tleophy  steal  Laboratory  e.oUeanue,  in  this  area  to  point  the  way, 
Additional  I'uldanee  has  come  from  related  work  accomplished  by  Haven  Industries, 
(no. , for  another  Air  Porce  effort,  tn  the  final  analysis,  however,  the  unique 
parametric  vnlues  for  the  very  lanjr  ALPS  system  have  had  to  he  worked  out 
separately  and  in  ureat  detail  in  order  10  achieve  confidence  tn  planned  test  eonflu* 
urations,  This  report  attempts  to  ulve  some  order  to  the  many  computations  per- 
formed by  the  author  and  to  rrlnte  the  events  that  bnvc  brought  the  development 
program  to  its  present  state. 

The  author  owes  much  to  the  assistance  and  cnrouraqement  received  from  Ids 
colleagues  at  AKClL,  particularly  from  Thomas  W,  Kelly,  Director,  Aerospace 
Instrumentation  Division,  James  C,  Pay  ho,  Francis  X,  Doherty,  James  l«\  Dwyer, 
and  Arthur!),  Korn,  The  advice  on  parachute  testtiuj  received  from  the  RUllth 
Test  Squadron  at  the  National  Parachute  Test  Han^e,  111  Centro,  California  has  been 
extremely  helpful.  Particular  thanks  «o  to  Clifford  w,  Marshall  and  Michael  It, 
Wuest,  In  the  development  of  the  cryogenic  qas  storage  system,  the  assistance  of 
the  Oryoffontcs  Division  or  the  National  liureau  of  Standards  has  been  Invaluable, 
Sincere  thanks  are  expressed  for  the  dedicated  NUN  effort  ho  welt  carried  out,  with 
special  acknowledgment  lo  Charles  1\  Nlndt  and  Jess  Hoed, 

The  preparation  of  a manuscript  such  ns  this  with  so  many  symbols,  line  Illus- 
trations, and  tables  calls  for  hard  work  by  many  people,  tlrateful  acknowledgment 
Is  made  to  Carol  Morin  of  A Mil,  and  lo  the  personnel  of  Kmmnnuel  College  who 
participated  tn  the  task,  with  special  thunks  to  Jack  Collins,  Klleon  MaoKen/le  and 
M.  Patricia  ttagan, 
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Tht Flight T«it  Aipects  of  th«  Air-Launched 
Balloon  System  (ALBS)  Development  Prog  ram 


t,  lNTiionuaioN 


Thin  In  the  third  technical  report  prepared  under  AFOL  In-House  Work  Unit 
(IHWII)  880*1101,  Air-Launched  Balloon  Techniques,  The  first  report  featured  a 
comprehensive  discussion  of  methods  for  Inflating  free  balloons  In  midair  subse- 
quent to  their  deployment  from  a cargo  aircraft  or  from  a high  altitude  rocket. 1 
tt  concluded  that  systems  employing  such  methods  are  capable  of  being  developed 
and  of  satisfying  a number  of  Identified  important  military  needs. 

The  second  report  was  more  user-oriented.  ^ It  surveyod  all  of  the  various 
kinds  of  I.lghter-than-Alr  (LTA)  vehicles  that  might  e^erve  as  high  altitude  commu- 
nications relay  platforms,  discussing  the  operational  advantages  and  disadvantages 
of  each,  and  highlighting  some  of  the  le^hninal  considerations,  It  also  served  as  a 
progress  report  on  the  experimental  investigations  undertaken  in  connection  with 
the  Air  Launched  Balloon  System  (ALBS)  development  program,  which  was  well 
under  way  by  then  and  from  which  a promising  LTA  communications  relay  platform 
was  expected  to  emerge. 

(Received  for  publication  27  August  187  9) 

1,  Carten,  Andrew  S. , .Jr.  (1073)  An  Investigation  of  Techniques  for  Launehln 
Large  Balloon  Systems  from 
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2,  Carten,  Andrews,,  Jr,  (1874)  An  Investigation  of  the  Applicability  of  High 
Altitude  Liohter-Than-Alr  (LTA)  Vebfofes To  the  Tactical  commun 


TMh  third  report  will  examine  the  flight  tent  aspects  of  the  A I, MS  development 

program  in  some  detail,  exploring  the  dynamics  of  the  mid-air  deployment  sequence 
and  outlining  the  proof-of-concept  flight  tests  proposed  both  to  verify  those  dynamics 
and  to  determine  system  feasibility. 


2,  HAdKGROlJND 


2, 1 HhiIo  ltiM|tilrvm*ni 

The  Air-Launched  Balloon  System  (ALBS)  under  development  at  AFQL  Is  aimed 
at  the  requirement  for  a quick-reaction,  lighter -than -air,  tactical  communications 
relay  platform  positioning  capability,  Such  a requirement  is  called  out  in  TAC 
HOC  305-78  entitled  A Satellite  Airborne  Communications  Relay  System  for  Tacti- 
cal Air  Forces, 

Operational  planning  .tails  for  the  paokaged  ALBS  to  be  extracted  from  a C-130 
aircraft  at  20,000  ft  (7.  82  km),  When  the  system  is  properly  deployed  In  midair 
by  a tandem  parachute  array,  the  stored  At,BS  balloon  will  be  extended  vertically 
and  filled  from  an  attached  helium  storage  unit,  The  inflated  balloon  will  then 
carry  the  communications  relay  to  its  assigned  altitude  [*70,  000  ft  (21,34  km)) 
while  the  inflation  hardware  floats  to  the  ground.  (See  Section  3.  3, 4 for  a more 
complete  operational  scenario, ) 


2.2  (hit  Shmign  Deficiency 


In  the  report  entitled  An  Investigation  of  Techniques  for  Launching  Large  Air 
Balloon  Systems  from  Aircraft  or  Rockets  in  might,  AFCRL-TR-73 -0633,  use  or 
the  cryogenic  gas  storage  and  heat  transfer  subsystem  was  proposed  for  the  ALUS,  * 
This  recommendation  arose  from  the  severe  weight  penalties  associated  with  use 
of  conventional  compressed  gas  stornge  cylinders,  particularly  in  a system  of  the 
sire  required  to  put  a communications  relay  on  station.  The  need  for  a light-weight 
gas  storage  medium  was  tde  itlfied  as  crucial,  and  successful  development  of  the 
proposed  ALBS  was  seen. impossible  without  a breakthrough  In  the  gas  storage  area, 
Subsequent  to  publication  of  that  report,  an  agreement  was  reached  between  Air 
Force  Cambridge  Research  Laboratories  (AFOUL),  the  predecessor  organization, 
and  the  Cryogenics  Division  of  the  National  Bureau  of  Standards  (NBS),  Moulder, 
Colorado,  by  which  NBS  would  carry  out  experimental  research  In  support  of  the 
ALMS  program,  That  agreement  was  most  fruitful  and  led  to  the  design,  fabrica- 
tion, and  successful  testing  of  a ground-based  prototype  cryogenic  storage  and  heat 
transfer  subsystem  of  the  desired  capacity,  The  NBS  effort  which  satisfied  the 
critical  ALBS  development  need  Is  described  in  a report  by  Sindt  and  Parrish,  3 * 


3,  Sindt,  C,  F,,  and  Parrish,  W.R.  ( 107 6)  A System  for  inflating  a Balloon  Usinv 

Helium  Stored  In  the  Liquid  Phase,  AlTHttf-TT-Tll'-ni.'l TTmrSTTT  78-H34, 6 
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The  NBS  prototype  (Figure  1)  uses  a hot  packed  bed  aluminum  oxide  (AlgOj) 

heat  exchanger  to  gasify  a predetermined  quantity  of  liquid  helium  (LHe)  and  to 
warm  the  gas  to  a suitable  temperature  for  filling  the  balloon.  Its  design  incor- 
porates all  of  the  function*  expected  in  operational  use,  where  a flight  ‘qualified 
subsystem  of  this  type  would  be  an  integral  part  Of  the  ALBS  package  launched 
from  the  transporting  aircraft.  The  packed  bed  is  designed  to  be  preheated  and 
put  on  standby  status,  awaiting  the  start  of  the  balloon  inflation  process.  On  signal, 
the  dewar  is  automatically  pressurised  and  helium  flows  towards  the  heat  exchange 
unit,  Some  of  the  helium  passee  through  tha  heated  bed,  and  some  by-passes  it, 
both  streams  merging  in  a mixing  chamber,  The  resultant  warmed  flow  (220  to 
260*K  average)  then  passes  through  the  system's  inflation  tubing  into  the  balloon, 
Cutoff  occurs  with  depletion  of  the  stored  helium.  (In  ah  actual  air -launch  situation, 
the  balloon  would  be  inflated  to  the  proper  extent  at  this  point  for  release  and  ascent 
to  floating  altitude, ) 


( HOT  GAB 

VALVP 


too  LITER  LIQUID  HELIUM  DEWAR 


Figure  1,  Schematic  of  the  NBS  Experimental  Cryogenic  C3as  Storage  and  Heat 
Transfer  Unit 
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2,9  Air-bimcliwl  Iklloon  Syitiim  Sultiyitem  Gimmd  Tciti 

The  prototype  Al.BS  cryogenic  storage  and  heat  transfer  subsystem  was  suc- 
cessfully demonstrated  In  July  1079  at  Boulder,  by  filling  a tied  down  ambient- 
pressure  bulloon  with  10,500  ft‘  (300  m ) of  helium  gas  at  an  average  temperature 
of  260°K  In  six  mtn  and  45  seconds,  4'  5 

In  November  1075,  this  same  prototype  cryogenic  unit  wus  transported  to 
Holloman  AFB,  New  Mexico,  where  It  was  again  successfully  employed,  There  it 
was  used  to  inflate,  on  the  ground,  a 145, 0003  (4106  m3)  balloon  which,  upon  being 
released,  carried  a payload  of  300  lb  (136,  Oft  kg)  to  75,  000  ft  (22.  RB  km), 

The  November  flight  represent*  the  first  known  flight  of  a largo  balloon  Inflated 

A 

directly  from  a cryogenic  source,  Figure  2 shows  the  prototype  as  employed  at. 
Holloman  AFB.  The  helium  storage  medium  is  the  large,  cylindrical  object  towards 
the  front  of  the  truck  In  the  figure  and  Is  a heavy  500-llter  commercial  dewnr,  The 
heat  transfer  unit  Is  the  smaller  domed  cylinder  on  a stand  In  the  rear  of  the  truck, 


4,  The  Kelvin  temperature  scale  will  be  the  preferred  scale  In  this  report,  The 

reader  is  asked  to  remember  that  0“C  » 273, 15°K  • 32" F, 

Thus i 260°K  - -13.  1B*C  = 8,  33"  F 

220°K  ■ -53.  1B*C  * -63  , 87  *F. 

5,  The  220°  to  280°K  average  temperature  range  reflects  system  design  limits 

where  both  physical  else  constraints  for  the  heat  transfer  unit  ami  balloon 
film  temperature  limitations  were  carefully  considered,  With  respect  to 
polyethylene  film,  the  allowable  temperature  extremes  were  established  us 
218°  and  323°K,  Normally,  the  warmer  temperatures  are  briefly  encoun- 
tered at  start-up  while  colder  temperatures  arc  experienced  at  the  end  of 
the  run, 

6,  In  the  November  teat  approximately  102  lb  (48,27  kg)  of  liquid  helium  was 

used  for  inflation  purposes.  This  is  the  quantity  previously  calculated  for 
an  operational  ALBB  in  which  a 200-lb  (00,7  2 kg)  communications  relay  would 
be  carried  to  an  altitude  of  70,  000  ft  (21,  34  km),  tt  should  be  noted,  how- 
ever, that  the  1021bofLHe  actually  provides  much  more  than  200  lb  of  lift. 

The  helium  quantity  is  tailored  to  the  over  sail  lift  requirement,  whten  en- 
compasses not  only  the  weight  of  the  principal  payload,  that  is,  the  commu- 
nications relay  (200  lb),  but  also  the  weights  of  the  balloon,  1B0  lb  (81,  85  kg), 
and  of  the  hardware  needed  for  flight  control,  1DB  lb  (68,  45  kg),  plus 
10  percent  free  lift,  (System  weights  nre  summarised  In  Table  1,  which 
appears  In  Section  3,  3,  4, ) 
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Figure  2,  Inflation  of  Hulloon  from  l.lquid  Helium  Supply" 


!M  lllnltl  Tout  PI  hum  (IVi'llmima  y Dlmumlon) 

With  the  basic  development  tents  of  the  At. US  cryogenic  gas  storage  nnd  heat 
transfer  subsystem  thus  successfully  concluded,  the  way  was  opened  up  for  flight 
tests  of  the  complete  At, US,  It  was  impossible,  however,  to  plan  for  an  aircraft 
launch  of  the  complete  system  at  the  start  of  the  flight,  test  program.  For  one  thing, 
there  was  no  suitable  aircraft  - qualified  cryogenic  unit  on  hand  or  In  sight.  Also, 
the  complicated  parachute  subsystem  required  for  successful  mld-ntr  deployment 
of  the  At, IIS  dictated  that  this  goal  be  approached  methodically.  As  will  be  ox* 
plained  shortly,  111  Section  3,  a proof-of-concept  flight  test  program  then  evolvod 
In  which  scientific  balloons  were  chosen  to  serve  as  the  primary  test  drop  plat- 
forms, Subsequently,  while  detailed  plans  for  the.  balloon  tests  were  being  pre- 
pared, the  opportunity  arose  to  plan  for  some  early  drop  tests  of  ALBS  partial 
system  mockups  from  aircraft,  to  check  out  the  proposed  puruchute  system.  This 
somewhat  unexpected  turn  of  events  promised  to  furnish  almost  Immediate  answers 
to  uncertainties  associated  with  the  deployment  subsystem,  The  opportunity  for 
aircraft  drops  was  seized,  therefore,  both  to  udvnnce  the  cause  of  the  planned 
balloon  testa  and  to  accelerate  over-all  system  development, 

As  this  roport  la  being  wrltton,  active  preparations  are  under  way  for  the  air- 
craft and  balloon  drop  tests.  The  aircraft  drops  are  expected  to  take  place  at  the 
National  Parachute  Teat  llnnge,  Til  Centro,  California  during  the  fall  of  1H76. 

Balloon  drops  of  dummy  and  live  A1.HS  models  are  planned  to  be  conducted  over  the 
White  Sands  Missile  Hangs,  New  Mexico,  in  the  spring  nnd  summer  of  1077,  (Please 
see  Addendum  for  later  information,  > 
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2.5  IMIu  MiuiUtiuiw  ..  

It  would  be  pleasing  to  have  the  test  date  resulting  from  the  planned  drops  on 
hand  now  for  this  report.  Since  this  cannot  be,  the  data  presented  herein  ore 
theoretical  calculations  which  Indicate  how  a tentative  system  design  Was  reached. 
Only  to  the  extent  that  the  governing  assumptions  are  valid,  can  the  data  serve  to 
predict  system  performance  upon-rclense  from  the  carrier  vehicle.  (Uncertainties 
Which  affect  the  assumptions  will  be  Identified  at  appropriate  Vocations  In  this 
report. ) 'Phis  constraint  notwithstanding  the  data  presentation  does  permit  a step- 
by-step  examination  of  the  basid  functional  elements  and  In  many  eases,  assigns 
reasonable  quantitative  values  to  parameters  of  Interest,  Such  values  are  needed 
for  Initial,  suing  of  test  system  components  and  for  allowing  test  plans  to  be  pre- 
pared and  implemented  with  confidence. 

It  should  be  noted  that  the  emphasis  In  this  report  will  be  on  the  balloon  flight 
tests.  Them  will  be,  of  necessity,  some  discussion  of  aircraft  flight  tests  also, 
but  the  depth  of  treatment  will  be  less. 

II,  AIK  I.ADNCIIKI)  I1A l.l .00 N SVSTICM  Dl.SKiN  IIVOI.UTION 
It.  I (ianuml  (loiulderiillimn 

With  the  previously  described  ground  tests  successfully  completed,  the  deci- 
sion to  embark  on  an  ALUS  flight  tost  program  was  Inevitable.  The  main  Issue  was 
one  of  scheduling,  In  other  words,  how  soon  after  November  1P75  could  a meaning- 
ful flight  test  — a test  which  would  prove  the  feasibility  of  launching  t.TA  relay  plat- 
forms In  midair— be  conducted?  The  answer  to  this  question  depended  on  avail- 
ability of  funds  and  of  special  resources,  such  as  a flight-qualified  cryogenic  unit, 
a suitable  drop  platform,  and  a unique  balloon  designed  for  mid-air  Inflation.  It 
depended  also  on  the  ability  to  work  out  support  agreements  with  other  organizations 
and  personnel  (within  and  outside  of  A KG  Id  with  respect  to  balloon  design,  command- 
control  instrumentation  system  design,  parachute  system  tests  and  design  verifica- 
tion, launch  and  recovery  operations,  and  so  on.  Let  us  look  now  at  some  oT  these 
contingency  Items,  to  see  how  they  have  been  handled,  and  to  ascertain  the  nature 
of  the  flight  teat  plan  that  has  evolved. 

5.2  Cryogenic  ()ii«  Storage  uml  Iliad  TriuulVr  Mulmyaleni 

Krom  the  start  It  was  obvious  that  the  cryogenic  gns  storage  and  heat  transfer 
subsystem  shown  In  Figures  1 and  2 could  not  be  used  la  the  planned  flight  tests, 

The  commercial  dewnr  was  too  heavy  and  entirely  unsuitable  for  mld-ulr  deploy- 
ment. (It  was  used  In  the  11175  ground-based  tustB  because  it  was  readily  available 
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and  because  dewar  size  w:\h  not  critical  In  those  tests,)  The  heal  transfer  unit  was 
also  too  heavy,  though  not  So  much  so  as  the  dewur,  Thus  n new,  much  lighter  and 
more  compact  cryogenic  gas  storage  and  heat  transfer  unit  now  became  the  critical 
need, 

At  first,  it  appeared  that  nothing  could  be  done  to  satisfy  this  need  until  the 
next  fiscal  year.  Then  came  an  unexpected  allocation. of  money  from  the  Laboratory 
Director's  Fund  that  allowed  the  experimental  work  agreement  with  the  N13S  to  be 
extended  immediately.  The  design  and  fabrication  of  the  needed  light-weight  flyuble 
cryogenic  gas  storage  and  heat  transfer  subsystem  Were  thereupon  quickly  initiated 
by  the  N0S,  A scheduled  completion  date  of  October  1070  assures  tlmt  n suitable 
unit  will  be  available  for  the  flight  teat  program,  (See  also  Section  3. 3.  2. 1 
’Figure  3 shows  the  outline  of  the  experimental  llght-wolght  cryogenic  gns 
storage  and  hcnt  transfer  unit  being  constructed  by  NHS  for  the  flight  tests,  This 
now  unit  has  less  capacity  than  the  original  oversized  unit  used  in  the  H>75  ground 
tests,  but  enough  to  supply  the  necessary  102  lb  of  l, He,  (Cf  note  G,  Section  2,  3, ) 
To  reduce  weight,  two  titanium  liquid  hydrogen  tanks,  left  over  from  the  NASA 
Apollo  program  and  slightly  modified,  have  been  employed  as  the  helium  duwurs. 
The  new  configuration  also  includes  a redesign  of  the  original  hent  transfer  unit  to 
lighten  it.  The  estimated  gross  weight  of  the  new  design  (dewars  + heat  transfer 
unit  plus  frame  and  pudding)  is  053  lb  (200.  2 kg),  about  half  the  weight  of  the  orig- 
inal, 
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Figure  3,  Layout  of  the  Model  II 
Hot  lied  and  Helium  Dewars 


■fl 


1 


■4 


£am>*aay£&fcaU(M*«9(lsi;ias&Jtt9l9& 


;l,;t  Drop  llullmni  (Airinil'l  v»  lUlloon) 

■ Looking  at  the  problem  in  itH  simplest  tcrmn,  that.  Is,  the  dropping  of  a pack- 
age from  25,000  ft  (7,62  kml  over  ft  teit  rang®,  one  observes  that  the  question  of 
the  drop  platform  becomes  that  of  deciding  between  an  aircraft  delivery  system  and 
a balloon  delivery  system,  since  both  vehicles  are  proven  air  launch  vehicles,  The 
decision  made  in  December  1073  was  to  employ  a balloon  as  the  AL15S  drop  plat- 
form initially,  This  was  a significant  decision  in  that  it  established  the  specific 
direction  for  the  present  test  program  and,  at  the  same  time,  limited  it  to  a proof- 
of-'eoncept  test,  It  also  effectively  added  a year  to  the  scheduled  Initiation  date  for 
C-130  drops  of  the  complete  system,  (Those  drops,  which  will  be  operational 
feasibility  tests,  will  be  the  subject  of  another  report,  1 The  decision  to  restrict  the 
tests  covered  uy  this  report  to  proof-of-ooncept  teats  wftB  not  taken  lightly  and  it 
Involved  several  considerations. " 

3.  3, 1 FUNDS 

To  date,  the  annual  allotments  of  contractual  funds  for  1I1WU  66651101  have 
boon  devoted  almost  entirely  to  the  development  of  the  cryogenic  gas  storage  and 
heat  transfer  subsystem.  Thus,  when  the  go-nheud  sign  was  received  In  November/ 
December  1075  with  regurd  to  flight  testing,  the  author,  ns  unit  monitor,  Instinctive- 
ly turned  to  the  In-houso  resources  of  his  parent  organisation,  the  Aerospace  In- 
strumentation Division  of  A FCU,,  for  as  much  "free"  teat  support  as  possible,  One 
of  the  major  activities  of  that  division  is  the  conduct  of  scientific  balloon  flights, 
for  which  It  is  uniquely  well  equipped  and  qualified.  The  simplest  answer  to  tho 
noed  for  a 25,  000  ft  drop  platform  was,  if  possible,  to  uso  one  or  more  of  the  Divi- 
sion's surplus  balloons.  With  the  balloon  would  come  (at  some  costl  flight  Instru- 
mentation support,  parachute  preparation,  launch,  flight  control  and  recovery  sup- 
port - tho  complete  test  package,  except  for  the  cryogenic,  subsystem  which  would 
be  coming  from  tho  NBS,  Thn  apparent  alternative  was  to  arrange  for  C-130  drops 
from  an  Air  Force  test  activity,  which  could  require  the  transfer  of  substantially 
greater  funds  than  needed  for  In-house  tests,  liven  If  test  support  funds  of  the  order 
likely  to  be  required  were  available,  this  was  not  really  a viable  alter  native,  how- 
ever, as  will  be  seen  In  the  next  paragraph,  Thus,  although  test  support  funds  (or 
the  scarcity  thereof)  were  Involved  in  the  (Incision  making,  they  wore  tint  ihc  over- 
riding consideration  In  tho  resolve  to  use  a balloon  carrier  Initially, 

3,3.2  AtlUlOHNI-1  RNCUNRRMNO  It  Rtf  HI  HI'.' MR  NTS 

To  be  eligible  for  C-130  drops,  tho  ALUS  cryogenic  gas  storage  and  heat 
transfer  subsystem  would  have  to  meet  tho  engineering  standards  established  for 
equipment  to  be  carried  aboard  aircraft.  This  was  seen  ns  requiring  more  con- 
tractual funds  than  wore  immediately  available  to  the  work  unit  and  ns  Imposing  a 
severe  time  penalty,  The  time  dolny  would  result  not  only  from  meeting  tho  more 
stringent  design  and  fabrication  requirements  of  an  aircraft-qualified  subsystem 
but  also  from  the  need  for  extensive  lnterorgnnl/ntlon  coordination. 


10 


In  view  of  the  fact  that  u large  scale  cryogenic  mid-air  inflution  had  never  been 
tried  before/  the  author  was  reluctant  to  spend  (in  a stretched-out  program)  the 
time  and  money  required  for  a completely  qualified  uniti  prior  to  a proof-of-concept 
demonstration  using  simpler  equipment.  His  reluctance  was  greatly  influenced  by 
the  knowledge  that  the  two  surplus  titanium  dewars  were  available  at  the  N15S  for 
Immediate  use  in  an  interim  configuration  entirely  suitable  for  the  proof *of-oonoept 
goal,  even  if  airborne  engineering  standards  were  not  met.  Since  such  a configura- 
tion could  be  put  together  rapidly  and  within  existing,  budgetary /bonetrftlnts,  It  was 
decided  to  go  ahead  with  the  interim  configuration  ahown  in  Figure  3,  despite  the 
fact  that  it  could  not  be  used  in  an  airoraft  drop,  By  going  in  this  direction  the 
proof- of- concept  teat  could  be  conducted  much  sooner.  Naturally,  this  decision 
mandated  the  use  of  a balloon  launch  platform  in  the  proof- of- concept  test.  (The 
ultimate  version  of  the  cryogenic  unit,  which  will  be  dropped  from  C-130  aircraft 
after  proof-of-ooncept  la  established,  has  yet  to  be  deeignated  in  detail.  It  muat  be 
more  compact,  of  course,  in  keeping  with  aircraft  cargo  density  requirements,  and 
will  feature  a single  dew..r,  probably  mHde  of  aluminum  whose  capacity  equals  that 
of  the  two  titanium  dewars  combined.  1 

3.3.3  FLEXIBILITY 

A third  factor  which  influenced  the  balloon  choice  was  the  matter  of  test  bed 
flexibility.  Balloon  systems  are  very  flexible  with  regard  to  system  configurations, 
being  particularly  amenable  to  lust  minute  changes,  add-on  components,  and  the  like. 
In  addition,  they  are  Insensitive  to  the  drag  considerations  associated  with  high- 
speed aircraft  deployment  and  they  offer  a relatively  gentle  launch  environment. 
These  qualities  are  important  to  an  experimenter  ut  the  proof-of-concept  stage.  In 
the  event  of  a system  modification,  for  example,  to  overcome  a deficiency  noted  in 
the  initial  drop  test,  the  flexibility  afforded  by  balloon  systems  would  permit  a much 
faster  turn-around  time  than  le  liable  to  be  the  case  when  airborne  engineering 
requirements  must  be  met. 

3.3.4  RELEVANCE 

The  ALBS  flight  test  program,  to  be  a valid  endeavor,  must  rolnte  strongly 
to  the  anticipated  operational  usage  of  the  system.  Before  assessing  the  validity  of 
test  configurations  Involving  the  use  of  balloon  carriers,  we  consider  It  appropriate 
at  this  point  to  review  the  envisioned  ALUS  operational  scenario  in  greater  detail: 
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Proposed  AI.HS  Operational  Scenario 

The  operational  ALBS  module  to  be  extracted  from  the  0-130  aircraft  Is  ex- 
pected to  weigh  approximately  1430  lbs  (043,  03  kg)  and  will  be  approximately 
3 ft  x 3 ft  x 12  ft  (.01  x . 01  x 3,3(1  m).  (These  dimensions  nrc  for  a unit  designed 
to  put  a 200-lb  (00.72  kg)  communication  relay  on  station  nt  70,000  ft  (21.34  kml, 
See  Table  1 for  s' breakdown  (estimated  values)  of  the  over-all  system  weight,  See 
Figures  4u  and  4b  for  a depletion  of  the  extraction  prnaoRs'and  first  stage  decolor- 
ation), Integrally  mounted  runners  are  planned  to  aid  the  extraction  process,  No 
palletising  Is  envisioned. 


Table  1.  A I r- 1 .tumohed  Balloon  System  Weight  Breakdown  (Mstl  mated  Values) 


Item 

Hi 

iitt 

Drogue  chute  (30  ft  (10.07  m)  ring  sail 

23 

10,  433 

Kxtonskm  line  |200  ft  (00*  nil  m)) 

0 

4,  0112 

.Shackles,  trlplutc 

10 

4.  530 

MV- 13  valve,  strobe  light 

10 

4,  33 11 

Balloon,  Al.l'lS,  roofed 

1 B0 

111,  0411 

Subtotal 

232 

1011,  233 

Main  ohute  (04  ft  (111.  51  m)  flat  circular) 

11)0 

43.  3(1 

Item 

Hi 

litl 

Main  canopy  apex  frame 

50 

22,  011 

Comm,  rulay 
Command /control 

200 

00.  7 2 

40 

111.  144 

Recovery  ohute 

20 

0,  072 

Ballast,  otc. 

123 

3(1,  70 

Filling  tuhe,  clamps 

10 

4,  331) 

Cryogenic  unit 

113  3 

2(10.  200 

Subtotal 

101)11 

4 011,  033 

Total  System 

Weight 

Hi 

232 

103, 233 

100 

45,  30 

101)11 

4 PH, 053 
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a.  EXTRACTION  PROCESS 
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b.  FIRST  STAOE  DECELERATION 

Figure  4,  Kxt  root  Ion  of  A UBS  Modulo  from  IM30 

The  modulo,  which  will  bo  orlontod  vortlcitlly  after  oxtruotion,  will  consist  of 
sevorul  compartments,  ono  uliovo  tho  other,  (TIuiho  comport  manta  nro  shown  Inter 
In  Figure  7b,  1 The  topmost  compartment  will  contain  n packed  157,000  ft1'  (4446  m''l 
AI.IW  balloon,  Below  this  will  he  tho  communications  relay  and  command-control 
Instrumentation,  Tho  next  lower  compartment  will  contuln  u packed  114  ft  (10,  fil  nil 
flat  circular  main  ennopy.  The  top  surface  of  tho  canopy  compartment  will  be  per- 
manently secured  to  the  main  canopy  In  the  vent  area  and  will  serve  as  the  base  for 
the  compartments  above,  Vlolow  the  main  canopy  compartment  will  bo  the  compart- 
ment for  the  cryogenic  helium  storage  unit, 

A 3B  ft  (10,07  ml  ring  sail  parachute  has  boon  tentatively  selected  (see  Section 
4,4.  1)  for  achieving  extraction  and  first  stage  deceleration,  A 200  ft  (60,06  ml  line 
will  separate  this  chute,  referred  to  ns  tho  "drogue  chute"  from  the  Al.HH  modulo 
and  will  bo  fully  extended  at  the  time  of  oxtruotion,  When  the  system  descending  on 
tho  drogue  chuto  has  reached  equilibrium  velocity,  tho  cryogenic  unit  will  bo  com- 
manded to  separate  from  the  rest  of  the  modulo,  free  fulling  and  dragging  down  tho 
main  canopy  linos  with  It,  Including  a center  vent  pall  line,  (Figures  7 to  111,  which 
appear  latar  In  this  report,  should  bo  consulted  bore  for  n clearer  understanding  of 
those  events, ) Whan  the  main  ahute  Inflates,  and  the  array  hn*  reached  a now 
equilibrium  voloelty,  the  drogue  will  be  disconnected  from  everything  but  the  apex 
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of  the  bulletin  stored  on  top  of  the  main  canopy,  The  unloaded  drogue  will  then  alow 
down,  while  the  main  chute  accelerates,  The  velocity  dtfferontlul  Is  expected  to  pull 
the  balloon  out  vertically  until  there  1h  tension  between  the  two  chutes  again  and 
another  equilibrium  velocity  Is  achieved,  Inflation  of  the  balloon  will  he  initiated 
at  that  point  and  will  require  about  B min,  The  drogue  will  bo  cut  away  about  half- 
way through  the  Inflation,  When  Inflation  !a  complete,  the  At, US  balloon  will  pull 
away  from  the  main  canopy,  carrying  the  communication  rolny  payload  to  flout 
altitude.  The  Inflation  hardware  wilt  descend  on  the  main  canopy, 

Thu  entire  sequence  In  expected  to  take  approximately  0 min,  during  which 
time  the  system  will  have  descended  from  20,000  ft  (1,(1 2 km>  to  approximately 
10,000  ft  (4,  H7?  kml, 

When  l hr  foregoing  scenario  is  analyzed,  many  discrete  sequential  "events"  can 
be  Identified,  A reliable  criterion  of  the  validity  of  a balloon  drop  test  Is  the  num- 
ber of  such  events  und  time  sequences  common  to  both  typos  of  deployment,  that 
ts,  aircraft  drops  and  balloon  drops,  Clearly,  the  higher  the  number  the  more 
valid  the  tOHt. 

Table  2,  (Section  'll  lists  and  assigns  Identifying  numbers  l»  the  events  and 
limes  for  n balloon  release,  The  listing  Includes  not  only  the  actual  drop  from  the 
balloon  but  also 'nit  subsequent  events  until  the  completely-inflated  A 1 . 1 is  balloon 
pulls  away  from  the  main  canopy  and  starts  to  ascend.  Kxropt  for  minor  differ- 
paces  In  completion  times,  a similar  listing  of  events  for  an  aircraft  release  would 
bu  Identical,  after  designated  event  2b,  when  the  drogue  Ims  reached  equilibrium 
velocity,  (See  note  7,1  Since  the  completion  of  even'  2b  occurs  within  the  first 
1(1  see  of  a UUO-huc  process  and  since  nil  events  subsequent  to  event  2b  lire  Iden- 
tical, regardless  of  the  drop  method,  It  would  appear  that,  la  keeping  with  the 
criterion  presented  above,  a balloon  drop  test  Is,  Indeed,  a valid  Nvstoni  tesl, 


7,  llnllnon  drop  steps  2b,  und  earlier,  differ  from  early  aircraft  drop  steps  be- 
cause, la  the  Initial  phase  of  the  aircraft  drop,  the  drogue  Is  at  least  par- 
tially Inflated  before  the  module  Is  retensed  from  the  carrier  (b'lgure  •In). 
In  the  balloon  drop  Initial  steps  on  the  other  hand,  there  Is  a free-fall 
period  of  about  four  see  while  the  extension  Hue  Is  deployed.  This  occurs 
before  the  drogue  begins  to  open,  Moreover,  system  attitude  Is  vertical  ut 
all  times  In  a balloon  drop,  whereas  a translation  of  the  falling  system 
from  horizontal  to  vertical  attitude  must  he  accomplished  in  an  aircraft 
drop  (h'lgure  <lh), 
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11.4  Tlio  ALUS  S|H!Glnl  Dnlloun 

Mentioned  earlier  a a n prerequisite  flight  teat  Item  was  the  special  ALUS 
balloon  designed  Tor  mid-all1  Inflation,  This  Is  the  balloon  which  will  be  compactly 
stored  in  the  ALBS  module  in  tin  uninflnted  state.  The  Initial  design  of  this  balloon 
hus  been  established  and  three  bulloons  are  currently  being  built  by  Wlnsen  He* 
search,  Inc,  , to  that  design.  Availability  for  test  purposes  seems  assured,  thorn* 
fore. 

As  with  the  parachute  deployment  process  (Section  3,  fll  there  are  uncertainties 
connected  with  the  mid-uir  Inflation  of  the  special  ALUS  balloon,  Those  are  related 
to  assumptions  employed  with  regard  to  the  helium  transfer  rates,  the  balloon 
"bubble"  drag  coefficient,  the  lift  to  mass  ratio,  and  so  forth,  (See  Section  4,  4,  0, 1 
The  dynamic  behavior  of  the  balloon  Itself  while  the  Inflation  process  Is  going  on  Is 
also  very  Important  and  not  completely  predictable  at  this  time.  There  Is  some 
fear,  for  example,  that  the  balloon  miiy  twist  during  Inflation,  pinching  off  It's  gas 
supply  tube  and  emu  mu'  t to  hurst,  thus  aborting  the  mission,  Also,  no  considera- 
tion has  boon  given  to  g -jslbly  adverse  horizontal  wind  effects, 

It.  would  be  desirable  to  resolve  as  many  of  lliese  uncertainties  as  possible  with 
dummy  tests,  to  avoid  risking  the  expensive  flyahle  cryogenic  unit,  The  Kl  Centro 
tests  (Sections  3,  3 and  3,  (11  will  effectively  do  this  with  respect  to  docclerntor  per- 
formance during  the  balloon  extraction  process  and,  In  addition,  will  test  the  sur- 
vivability of  the  proposed  gas  transfer  hose,  made  of  II- mil  (,  (10711  cm)  thick, 

P. (14-In,  CJ'l.fi  cm)  wide  layl'lnt  polyethylene  lulling,  (This  hose  will  he  attached  to 
the  cento r vent  pull  line,  Section  4,4,4,)  The  Initial  balloon  drop  I.osKhI  (Sac! Ion 
3,1.0  will  complement  the  Kl  Centro  demonstrations  and  resolve  other  uncertainties 
such  us  those  associated  with  drops  of  heavy  loads  from  carrier  balloons,  The 
actual  mid-uir  Inflation  of  the  special  M.HS  balloon  cannot  he  simulated,  however, 
and  demonstrating  the  feasibility  of  that  process  will  be  one  of  Hie  major  goals  of 
the  "live"  primary  test  of  .Ume-.luly  U>77,  The  preceding  dummy-oriented  testa 
will,  It  Is  hoped,  contribute  substantially  to  a smooth  proof-of-eoneept  test  demon- 
stration at  that  time. 

As  a matter  of  Interest,  the  fully  Inflated  A I . US  balloon  will  he  considerably 
smaller  than  the  carrier  balloon  from  which  the  module  will  he  dropped  (a  volume 
of  157,000  ft'1  (4440  m'1'  for  the  ALUS  balloon  vs  one  of  approximately  (100,000  IV  , 
(311(13(1  m,<)  for  (lie  lultially-srlerted  carrier  balloon),  (See  Section  4,4,3,  note  I In,  i 
The  A I, IIS  balloon  will  have  two  novel  features  which  are  being  added  to  nice!  the 
special  mid-ale  Inflation  requirement)  an  internal  Inflation  tube,  running  along  a 
goee  from  bust)  to  upex,  und  a special  base  end  fitting  which  both  supports  the 


ALBS  payload  nnd  accommodates  the  Inflation  tube.  This  balloon  will  also  be 
roofed,  to  protect  the  slunk  material  from  buffeting  during  the  mld-ulr  Inflation 
process.  Specifications  for  the  special  ALBS  balloon  are  given  In  Appendix  13. 

11,5  'Ilia  I’artulutU’  Hubiyalain 

In  Section  2,4,  mention  was  made  of  the  "complicated  purnchute  subsystem  re- 
quired for  successful  mld-alr  deployment  of  the  ALBS,"  It  should  be  stressed,  that 
this  subsystem  Is  configured  around  standard  parachutes  nnd  that  no  parachute 
development  Is  envisioned,  The  complications  arise  from  the  Intended  use  of  those 
parachutes.  To  appreciate  the  nature  of  the  complication,  It  Is  necessary  now  to 
exumlno  the  mtd-nir  deployment  problem  In  greater  depth,  (See  Section  4,1 

As  wo  conduct  this  examination  It  will  become  obvious  that  there  are  many 
questions  yet  to  be  rusolved,  Nevertheless,  there  appears  to  be  no  compelling 
reason  why  the  planned  tandem  parachute  system  will  not  do  the  assigned  job.  The 
many  calculations  carried  out  to  reach  the  values  entered  on  Table  2 and  discussions 
of  the  system  with  experienced  parachute  test  personnel  have  generated  enough 
confidence  in  the  planned  array  to  proceed  to  ALBS  parachute  system  Might  testing 
at  K1  Centro  using  dummy  payloads.  It  Is  to  be  expected,  of  course,  that  those 
tests  will  Introduce  refinements  to  the  general  concept,  which,  In  the  long  run  will 
aid  over-all  system  development. 

Il.f*  The  IVlmiirv  Tenl  Clin 

With  the  hopeful  assumption  that  balloon  drop  tost  validity  has  been  clearly 
established  (Section  8,  3, 4),  and  with  the  demonstrated  availability  of  the  critical 
tost  components  (Sections  3,2,  3,4,  and  3,5),  the  discussion  will  now  continue  on 
the  basis  that  the  primary  test  plan  will  be  to  drop  a complete  Al.BS  modulo 
(Including  the  cryogenic  unit  of  Figure  3)  from  a carrier  balloon.  The  tentative 
operational  details  of  the  plan  are  ns  summarised  on  Table  2 and  covered  In  depth 
In  Section  4,  The  scheduled  time  period  for  rarrylng  out  the  planned  balloon  drop 
of  the  complete  ALBS  module  Is  .luno-.luly  1077,  The  parachute  system  tests  to  hr 
conducted  earlier  from  (‘-130  aircraft  at  Kl  Centro  (November  lH7U-.lnnuary  1077) 
and  the  planned  dummy  system  drops  from  a carrier  balloon  at  Holloman  AKH 
(Murch-Aprll  11177)  are,  In  effect,  dross  rehearsals  and  subsystem  shakedown  tests 
prior  to  execution  of  the  primary  tost.  Because  they  witl  bo  humid  on  the  events 
planned  for  the  primary  test,  they  will  not  be  described  la  any  detail  in  this  report, 


4.  THE  MID-AIR  DEPLOYMENT  PROBLEM 

4.1  General  ConMlderatioitii 

The  mid-air  deployment  problem  atmply  stated  Is  one  of  bringing  about  the 
controlled  descent  of  the  ALBS  module  after  It  hue  been  launched  from  the  carrier 
aircraft  (or  balloon)*  while*  at  the  same  time*  using  elements  of  the  deceleration 
system  to  extract  the  folded  ALBS  balloon  from  its  container  and  to  stretch  It  out 
for  Inflation. 

If  controlled  descent  were  the  only  requirement,  there  would  be  no  problem. 
Standard  air  cargo  extraction  and  deceleration  systems  would  meet  the  stated  needs 
very  nicely  and  would  require  only  routine  operational  preparations.  The  problem 
ariees  from  the  second  functional  element,  the  heed  to  deploy  the  balloon  vertically 
(and  gently)  to  Us  full  length- 102  ft  (31,  l)  m)-wliile  the  entire  array  is  descending, 

4.2  Parncliutr  Army* 

It  Is  clear  from  previous  discussions  of  the  ALBS  operational  scenario  (Sec- 
tion 3,  3,4)  that  at  least  two  parachutes  are  needed  for  mld-alr  deployment  of  the 
ALBS  eystemi  a emaller  upper  parachute,  called  the  "drogue  chute,"  and  the  lower 
and  larger  main  parachute  or  "main  canopy,"1’ 

4.  2, 1 EARLY  ALBS  PARACHUTE  CONCEPTS 

Figure  8 shows  the  parachute  array  originally  proposed  for  the  ALBS  applica- 
tion. 1 As  can  be  seen  from  the  figure,  that  array  Is  designed  for  deployment  of  the 
ALBS  balloon  below  the  main  canopy,  In  this  rsport  the  nbove-the-maln  canopy 
deployment  method  will  be  the  preferred  method  and  the  array  to  be  described  la 
more  suited  to  that  method,  This  preference  Is  based  on  later  engineering  discus- 
sions at  A FCIL  In  which  It  was  concluded  that  the  below-the-maln  canopy  method 
subjects  the  balloon  to  excessive  strain  and  Introduces  the  probability  of  main 
chute  collapse  as  the  balloon  begins  to  fill.  It  also  onuses  an  Increase  in  system 
weight  by  requiring  an  extra  recovery  parachute,  since  the  main  chute  cannot  be 
used  for  that  purpose.  Below-the-maln  canopy  deployment  will  not  he  further  dis- 
cussed and  Figure  8 will  be  regarded  as  an  obsolete  concept, 

U,  A possible  third  parachute  Is  a separate  "extraction  chute"  to  pull  the  module 
out  of  the  aircraft.  It  is  probable,  however,  that  the  drogue  chute  (possibly 
reefed)  will  serve  also  ns  the  extraction  chute  in  any  operational  ALUS 
system.  For  that  reason  the  ALBS  flight  tests  are  configured  around  a 
two-parachute  system,  Figure  8 shows  a separate  extraction  chute,  as  well 
as  the  drogue  and  main  chutes,  The  depleted  configuration  Is  for  reference 
purposes  and  does  not  represent  current  planning, 
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mu,.*,  ft.  Originally  Proposed  Al.HS  Deployment  Se<pumoo  (Now  obsolete) 


.*,  a.  Si  IMUMKNT  CONl'KI'TS 

Figures  tt through  (ft,  which  appear  tutor  In  this  report,  describe  the  vurtous 
xtagn-s  In  the  deployment  of  the  parachute  array  now  planned  for  use  In  (hr  AMIS 
teat  program,  Although  a carrier  balloon  nppe*»rn  in  Figure  «.  at  the  start  nl  th  h 
Herpienee  of  IttuMtrntlnnH  (page  ail)  the  arrangement  shown,  minus  the  safety  chute 
and  balloon  load  bar,  Is  basically  similar  lo  the  arrangement  which  would  \w  used 
tn  a launch  from  an  aircraft,  For  example,  the  system  Illustrated  in  Figure  7a, 

an  Drogue  I'lmle  Deploymenl,  could  be  either  («>  one  dropped  from  a balloon 
or  (10  one  extracted  from  an  aircraft  and  shown  after  the  horizontal  component  ol 
motion  had  dtsuppeared.  In  either  ease,  the  main  canopy  would  be  packed  at  Ibis 
point  and  the  drogue  alone  would  accomplish  the  Initial  deceleration  task  (first 
stage  derelnratlnn). 


Parachute  clusters  a re  fairly  common,  particularly  in  the  dropping  of  very 
heavy  cargoes.  Vertically-separated  tandem  arrays,  such  us  the  oho  proposed 
here,  are  less  common  hut  are  used  in  specific  applications  such  as  in  the  re- 
covery of  drone  nlrnruft.  The  top  loading  of  the  main  canopy  and  the  alternate 
unloading  and  loading  of  I lie  drogue  chute  during  the  main  canopy  deployment  and 
the  A L138  balloon  eat  motion  process  (Figures  8 to  10)  represent  a marked  depar- 
ture from  standard  parachute  techniques,  however,  and  Introduce  uncertainties 
thut  can  he  resolved  only  by  actual  experiment,  Thus,  the  tests  to  be  conducted 
at  Ml  Centro  assume  critical  Importance  in  thiH  report, 

■1,11  Drop  All  I hide 

Both  the  parachute  system  tests  to  he  made  from  n C-1H0  aircraft  and  the  drops 
to  he  made  from  n currier  hnlloon  will  utilize  a 110,000  ft  (7, (12  km)  release  alti- 
tude,11 This  altitude  has  been  selected  because  H corresponds  to  the  maximum 
allowable  extraction  altitude  of  0130  operations,  u factor  which  Is  governed  by 
Air  h’nrcc  regulations  with  respect  In  crew  safety,  Thus,  the  20,000  li  altitude 
position  hocomes  the  key  point  of  reference  In  the  drop  sequence, 

1,1  Sl'l|lll‘lll  l'  III  I .M'lll" 

•1.4,1  (iKNFHAI. 

In  both  typos  of  launch  (balloon  and  aircraft)  several  specific  "events"  will 
follow  the  release  command  (Section  3,  3,  4),  The  events  associated  with  (he  re- 
lease of  the  live  A1..13S  module  from  n carrier  balloon  are  identified  In  Table  2, 
along  with  the  estimated  altitudes  and  times  at  the  completion  of  each  event  (Fig- 
ures 0 through  t3  depict  the  major  events  In  this  sequence, ) Comparable  aircraft 
drop  events  are  not  separately  listed  hero  but,  ns  explained  In  Section  are 

identical  to  those  specified  for  the  balloon  drops  In  Table  2,  once  event  2b  lias 
been  completed, 

Per  the  data  limitations  nf  Section  2,  fi,  the  lime,  nltitude  and  velocity  values 
shown  In  Table  2 for  the  balloon  drops  are,  at  best,  approximations,  They  were 
obtained  by  selecting  specific  parachute  sizes  and  types  (In  this  case,  for  example, 


l),  From  a general  operational  point  of  view  I lu>  25,000-rt  drop  altitude  Is  con- 
sidered highly  desirable  In  that  It  reduces  the  time  required  to  put  the  relay 
on  station  (the  balloon  has  a shorter  distance  to  climb),  and  also  allows 
vertical  maneuvering  space  over  mountainous  terrain.  Specific  operational 
considerations  may  dictate  the  use  of  n Homowhat  lower  altitude,  however, 
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Table  2,  Sequence  of  Kvents,  ALBS  Mici-Air  Deployment 
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a 3 B -ft  diameter  (10,  87  m)  ring  sail  drogue  and  a 04 -ft  ( 18,  61  m)  flat  circular  main 
canopy)  and  by  employing  standard  equations  for  determining  acceleration,  decelera- 
tion, drag,  equilibrium  velocities,  and  so  on,  In  almost  every  case  some  starting 
or  governing  assumption  had  to  be  made.  The  various  sections  of  this  report  and 
its  appendices  discuss  the  calculations  and  assumptions  employed  to  reach  the  values 
entered  on  Table  2,  In  the  end,  the  true  values  for  the  events  listed  will  be  known 
only  after  the  completion  of  the  experimental  program,  In  the  meantime,  the  values 
are  considered  adequate  for  guidance  in  planning  flight  instrumentation  and  command” 
control  equipment  for  the  test  program.  They  also  show  that  the  inflation  sequence 
will  be  completed  at  an  altttude  which  provides  both  a safe  clearance  above  the  test 
range  terrain  and  a margin  of  safety  (height  wise)  to  accommodate  some  error  in 
calculated  event  completion  times, 

it  should  be  mentioned  here  that  the  choice  of  a 3 5 -ft  (10,  87  m)  ring  satl  drogue 
was  based  on  theoretical  considerations  and  does  not  reflect  the  actual  availability 
of  this  parachute,  Other  possible  contenders  are  a 43 -ft  (13,  11  in)  ring  sail  chute, 
a 40  -ft  (12. 'l  m)  ring  slot  (heavy)  rhute  and  a light-weight  32 -ft  (I). 75  in)  ring  slot 
chute,  tf  a drogue  chute  other  than  a 35-ft  ring  sail  Is  used  the  velocity  and  altitude 
values  shown  in  Table  2 will  no  longer  apply,  except  as  rough  approximations,  and  a 
new  Table  2 will  have  to  be  constructed,  using  the  same  methods  of  calculation, 

4,4,2  IMLLOON  DROP,  EVENT  NO.  1,  FREE  KA|,|,  PHASE 

As  shown  In  Table  2,  the  first  balloon-drop  event  hus  three  parts  and  will  be- 
gin when  the  "release"  or  "drop"  command  is  given  to  the  carrier  balloon  (Figure  (1), 

At  that  command  a pyrotechnic  "squib"  wtll  be  fired,  causing  the  load  bar  of  a 
special  shackle  (Tenney  release)  to  pivot  downward  (see  detail,  Figure  8),  There- 
upon, the  four  suspension  straps  with  steel  ring  end  fittings,  which,  In  conjunction 
with  the  Tenney  release,  connect  the  1430  lb  (840,05  kg)  AMIS  module10  to  the 
carrier  balloon,  will  slide  off  the  Tenney  load  bar,  This  release  action,  which 
initiates  the  free-fall  descent  of  (he  module,  has  been  designated  event  la  and  Is 
expected  to  take  only  0.  5-  Her.,  No  altitude  change  is  involved, 

10,  The  1430  lb  (84(1.  85  kg)  module  weight  figure  Is  based  on  tin*  figure  stated  In  flu1 
proposed  operation, nl  scenario  (Section  3,3,4),  It  , no  hides  the  weight  nut 
only  of  the  system  which  Is  eventually  to  rise  to  float  altitude  hut  also  of  the 
additional  components  necessary  for  mtd-atr  deployment  amt  Inflation,  The 
latter  ItcinH  will  parachute  to  earth  when  the  Inflation  operation  1h  completed, 
(Refer  hack  to  Table  1 for  n system  weight  breakdown,  ) 

thniHom  No  provision  hn h been  made  In  Table  1 for  possible  pnriichute  ballast 
weights,  During  the  Kl  Centro  lests,  various  ballast  combinations  will  he 
tried,  to  determine  how  much  hnllaHt  Is  needed,  If  any,  to  assure  positive 
and  rapid  inflation  of  the  84 -ft  main  chute  and  to  compensate  for  the  effects 
of  apex  loading,  If  such  ballasting  proves  necessary,  the  1430  lb  module 
'•eight  will  have  to  he  revised  upward  (see  iiIho  Section  4.4,4),  and  the  data 
of  Table  2 will  have  to  be  recalculated. 
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The  packed  drogue  chute  remains  nttached  in  the  carcier  hall  non  miring  (lie 
surrerdlng  lour  hop,  which  Is  llip  Iree-riill  duration  roqui  red  for  ilpplnyinpiit  of 
the  200  l‘t  (60,  fid  in)  extension  llm-,  (During  i hi • lull,  one  mil  of  tin-  linn  is  attached 

to  the  Al.BS  modulo,  the  other  16  this  packed  dbbgtie,  uv  This  ftctleii  constitutes 
event  tb.  The  purpose  of  the  extension  line,  Incidentally,  Is  In  provlrle  sufficient 
vertical  clearance  between  the  two  parachutes  later  on  so  that  the  wnke  from  the 
main  chute  will  not  adversely  affect  the  performance  of  the  drogue, 

■When  the  extension  line  slack  is  used  up  (at  the  end  of  event  lb)  the  drogue 
chute  will  be  pulled  out  of  Its  pack  located  In  a shield  attached  to  the  carrier  balloon 
and  Its  lines  will  become  taut  In  about  1 sec,  ending  the  AI,,HS  free-fall  phase,  This 
la  event  lc,  Total  elapsed  time  Is  5.5  see  at  I his  point.  The  module  has  fullen 
approximately  328  ft  (nil,  38  m)  and  has  reunited  a downward  velocity  of  14B  ft/sec 
(44,  20  m/sec).  Table  3 shows  the  velocities  and  height  differentials  with  time 
associated  with  this  free-fall  period,  (Hounded -off  Table  3 velocity  and  UAH 
values  for  3.5  and  4,9  sec  have  been  used  in  Table  2 for  events  lb  and  lc  even 
though  the  cumulative  completion  limes  for  those  events  tire  4.  5 nnd  5,5  sen, 
respectively,  The  1 -sec. difference  Is  accounted  for  by  the  non -fall  0,  B-sec  time 
of  event  In  and  by  a built-in  0,  B-sec  lag  to  compensate  for  expected  friction  effects, ) 


11,  The  4 -son  tree  fall  Is  based  on  the  assumption  that  (he  carrier  balloon  will 

hover  momentarily  at  the  release  altitude,  after  the  separation  of  the  module 
occurs,  at  lenst  long  enough  to  permit  the  extension  line  to  pay  nut  and 
become  taut,  If  the  balloon  rises  (see  note  11a)  during  Hits  short  period,  It 
will  accelerate  Ihe  deployment  of  Lite  extension  line  and  decrease  both  the 
free  fall  period  and  Ihe  downward  velocity  of  the  module  at  Ihe  lime  of 
drogue  chute  opening,  The  effect  on  Ihe  equilibrium  velocity  of  the  drogue 
at  the  end  of  event  2b  will  be  slight,  however, 

1.1a,  The  actual  behavior  of  Ihe  carrier  balloon  at  the  moment  of  module  release 
will  depend  on  a number  of  factors  whose  magnitude  cannot  be  forecast 
accurately  at  this  stage  of  planning,  An  obvious  effect  to  be  expected  Is  an 
upward  movement  associated  with  the  relaxation  of  the  balloon  material  and 
with  the  gain  In  buoyancy.  This  can  be  offset  somewhat  by  releasing  (valving) 
some  of  the  carrier's  lifting  gas  and  by  preloading  the  carrier  with  extra 
ballast  to  reduce  the  percentage  of  Hie  carrier's  gross  load  lost  at  A LfiS 
relottso.  However,  since  a heavily -ballasted  carrier  balloon  must  be  made 
of  high -ft*  rength  material,  nnd  Hlnrc  such  balloons  nre  quite  expensive  nnd 
are  not  well  represented  in  the  balloon  Inventory,  extra  ballasting  may  be 
InfcnHlblc.  The  gross  weight  which  Ihe  carrier  balloon  must  lift  will  not  he 
known  until  after  the  HI  Centro  parachute  system  tests  where  parachute 
ballast  requirements  nre  also  being  established.  Only  thcn'will  II  he  possible 
In  ascertain  Iruc  gross  system  weights  and  permissible  ballast  provisions, 
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Table  3.  Free  Fall  Chart 


4,4.3  WALLOON  - DROP  1SV14NT  NO,  i,  lOROCItlE  CHUTE  INFLATION 

It  has  bean  assumed  that  the  extracted  30  I't  (10.07  m)  dtam  rinij  wall  drogue 
chute  ^ will  begin  to  Inflate  as  soon  as  Its  lines  become  taut.  It  has  also  been 
assumed  that  the  effective  urea  of  the  drogue  chute  will  Increase  linearly  with  time 
during  the  opening,  These  assumptions  are  In  accord  with  Htnndnrd  parachuting 


12,  In  an  aircraft  launolt,  the  a00 -Tt  extension  line  Is  expected  to  he  fully  deployed 
hy  the  extraction  chute  before  the  module  Is  pulled  from  the  rear  of  the 
C-13Q  transport  (Figure  4a).  The  module  will  then  swing  down  through  a 
400 «ft  arc,  and  ufter  Home  oscillations,  will  begin  a vertical  descent 
(Figure  4b),  In  tills  case,  the  ec|ulllbctum  velocity  of  the  drogue  rlnitc  will  hr 
slightly  different  from  that  shown  for  a haltnnn  drop,  The  same  holds  I rue 
for  the  event  2b  completion  altitude,  These  discrepancies  will  entry  through 
the  other  events,  but  arc  not  Nlgnlflennl  enough  In  warrant  u sepnrale  Inble 
for  atrcrnft-drnp  events. 
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practices,  An  opening  time  df  3. 8 a?e  has  been  .allowed  for  the  drogue,  using  the 
method  described  In  the  Parachute  Handbook  ' for  parachutes  with  geometric; 
porosity.  (See  note  on  computation  sheet  Tor  events  2a  and  ab,  Appendix  A, 

Table  Al, ) Table  2 shows  that  the  drogue  chute  has  decelerated  from  -148  fps 
(•44,20  mps)  to,  *73.  80  fps  (*22,82  mps)  at  full  opening  and  roaches  an  equilibrium 
velocity  of  -fill.  (I?  fps  (*17,04  mps)  0,3  sec  later,  at  the  end  of  event  2b  (cf«  Figure 
7a),  At  this  point  (he  drogue  is  at  24,07  2 ft  (7,  337  km),  200  ft  (80,08  m)  above  the 
module,  .The  opening  shock  Is  2,  18  o,  well  within  the  design  capability  of  the  ALBS 
module,  (See  Appendix  A for  bnck-up  computations,)  The  schedule  now  calls  for 
deployment  or  the  main  canopy, 

TO  CASNItS  BALLOON 


soon 

IKTENIION 

UNI 


Figure  7a.  Al.HS  Flight  Testi  Drogue  find 
Deployment  (First  Stage  Decoloration) 


13.  Performance  of  mid  Design  frlierln  for  Dcplnvnhle  Aerodynamic  Dreelerntors, 

•" 1 •A,s’TY'*TTr*in  -titti,  ' CTrrn i; ,"  tv fti hh 3 , ~ • 1 
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4,4,4  WALLOON  DROP  EVENT  NO.  3,  MAIN  CANOPY 
DEPLOYMENT  AND  INFLATION 

Op  until  this  point  the  84 -ft  (It),  81  ml  flat  circular  main  canopy  has  been 
packed  In  a special  compartment  above  the  cryogenic  unit  In  the  descending  ALBS 
module,  Figure  7b  Isa  preliminary  cutaway  view  of  the  conipartn  tented  module. 14 


Figure  7b,  ALUS  Modulo 


14,  The  discussion  which  follows  assumes  lhat  the  design  shown  In  Figure  7b  will 
bo  lined,  It  Is  very  likely, however,  that  the  El  I'cutro  trsl.N  will  lend  In  u 
somewhat  different  configuration,  A special  point  of  concern  here  Is  I lie 
Interface  between  canopy  material  (nylon I and  possibly  slmrp  edges  on  the 
enuony  frame..  Tim  design  shown  In  Fluuro  7b  docs  not  adequately  ircal  lids 
problem  aren 


\vi 


A Uiner-uutivatud  Mlunul  will  now  fire  the  explosive  bolt*  (nr  equivalent  de- 
vices) which  have  held  the  parachute  compartment  together,  The  heavy  cryogenic 
unit  will  immediately  fall  away  pulling  down  the  Utica  of  the  04-l't  chute  with  It. 

The  top  of  this  ahute  remains  secured  to  the  upper  plate  or  the  parachute*  storage 
compartment  (of  Figure  (1). 

The  estimated  event  completion  time  for  deployment  of  Ihe  main  canopy  is 

i at  1 

2,2  sea  (event  3a),  This  is  the  time  it  tithes  the  free-falling  cryogenic  unit  to 
move  approximately  80  ft  (20,73  m)  away  from  the  drogue -supported  components, 
which  are  falling  (descending)  at  a slower  rate,  The  flfl-l't  distance  Is  the  length  of 
a center  vent  pull  line  which,  In  effect,  brings  the  cryogenic,  unit  up  short  before 
the  main  canopy's  suspension  lines  become  taut,  This  device  Is  considered  neces- 
sary to  ensure  the  subsequent  opening  of  Ihe  main  canopy,  Otherwise,  with  tension 
on  the  top  (from  Iho  drogue)  and  on  the  bottom  (from  Ihe  cryogenic  unit)  I Imre  might, 
not  be  enough  air  entering  that  chute  at  the  Indicated  ciul-of -deployment  velocity. 
(-47, 82  fps,  -14,  51  mps)  to  open  it,  Set*  Table  4 for  a synopsis  of  Ilia  main  canopy 
deployment  calculations,  In  KngUsh  units, 


15,  The  actual  time  required  for  tlu<  Oil -It  (20,73m)  separation  Is  1.70  sec(Tablo  4), 
The  stated  deployment  lime  or  2,2  sec  Includes  an  arbitrary  0,  5 -Hire  limn 
period  for  line  stretch  and  shock  absorption  before  Ihe  mala  chute  starts  In 
open,  During  this  Hmo  period  t hr  free-falling  mass  (cryogenic  unit,  main 
canopy,  filling  mini)  decelerates  from  the  velocity  at  Ihe  end  of  free  fall 
(-1 13,  (14  fps , -34,  (14  mps)  to  I hot  of  ihe  drogue  lit  2,  20  sec  (-47,  82  fps, 

-14,51  mps),  1'slng  Hie  I'ormulai  I*'  mu.  orb  VV  / -g  • dv/dt,  we  nhlatn 

1 C-lt  5T  ' ~ "ITT  IV* * 312ii,77  lb  ( M In,  ;i  i i*u ) retarding  force  (1) 


where 

VV  (1430  - (107)  or  7 03  lb  (34(1,  1 kg) 
and 


dv 

nr 


(-113,04)  -(-47,02) 

rrm 


nr 


-00,02  Ips 

""fi;r  Tim 


( “n«  10  mps 
( n,  it  h re 


) 


F ' w 0 120,  77  Ih  I 703  lb  3 Hu  1,77  lb  (1705,3  kg) 
total  deceleration  force 


(2) 


K 


o 


(3) 


*’•  ' (gravitational  force  units) 


Table  4.  Mfttn  Canopy  Deployment  Calculation*  (Selected  Vaiu*») 
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TM 

Nil 

far 

•htl 

tk.v,  drtiut  ,nl<l<t>vold*,<v  *,t u. , .11,10  fit, 
irUMrirtly  .uMtltuUd  In  ,n.i*  Mlulutrni 
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Of  OVIK,  111. 

The  arbitrary  0,  R-aec  deceleration  tlm*  may  b*  shorter  than  that  to  bo  observed 
In  the  actual  test,  In  which  case  the  error  will  bo  on  the  safe  side.  (With  longer  de- 
celeration period*  the  Q loud  Is  lass. ) The  addition  of  ballast  (note  10,  Section 
4.4.  2!  to  the  cryogenic  unit  will  work  in  the  other  direction,  however,  and  may 
serve  to  raise  Cl  loads  uhove  the  design  value  of  the  cryogenic  unit,  10C1.  The 
mi  Centro  tests  will  resolve  this  point. 

The  next  event,  3b,  main  canopy  Inflation  (opening!,  Involves  n mo, lor  assump- 
tion! Because  the  top  of  the  main  canopy  Is  under  tension,  from  ths  H87-lb 
(438,60  kg!  pull  of  the  drogue  chute  (of  Appendix  A,  Table  AS!  Its  opening  time  will 
not  be  that  of  an  Independently  acting  64-ft  parachute  but  rather  that  of  a hypotheti- 
cal, partially  open  larger  parachute  whose  fully  open  area  is  the  sum  of  the  areas 
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of  the  main  chute  and  the  drogue  chute.  The  "partially  open"  area  la  the  area  of 
the  drogue  ohute  alone.  Under  thla  assumption,  the  main  canopy  opening  time  Is. 
then,  the  time  that  the  hypothetical  parachute,  which  la  assumed  to  be  carrying  the 
entire  suspended  load,  will  take  to  Increase  Its  open  area  linearly  from  that  of  the 
drogue  alone  to  a value  equal  to  the  summed  areas  of  the  drogue  and  main  para* 
chutes.  With  a 84 -ft  main  chute  and  a 38-ft  drogue  ohute.  the  respective  Individual 
parachute  areas  are  331?  ft®  (308.8  ma)  and  983  ft3  (B9.4  m3).  The  sum.  4178  ft3 
<388. 3 m3).  Is  equal  to  ft  where  D0  la  the  nominal  diameter  of  the  hypotheti- 

cal chute.  A parachute  with  this  area  has  a DQ  of  73,  948  ft  (33, 33  m),  For  such  a 
paraohuttyTable  3 shows  an  opening  time  of  3. 6 sec.  based  on  the  above  "partially- 
open"  assumption.  (3ee  Appendix  A.  Table  A3  for  evsnt  3b  backup  computations. ) 
The  hypothetical  chute,  whloh  Is  the  analogue  equivalent  of  our  two-chute  array, 
reaches  equilibrium  velootty,  -38,83  fps  (-8.69  mpe),  approximately  3,8  aeo  later, 
thus  completing  event  3c.  Opening  shock  Is  slight,  only  about  1,  38  G, 

The  configuration  at  this  time  Is  essentially  that  shown  on  Figure  0.  The  sys- 
tem is  now  ready  for  the  critical  balloon  extraction  event.  Note  that  the  cumulative 
time  for  the  events  thus  far  Is  less  than  38  seconds.  The  main  canopy  Is  roughly 
1800  ft  (487.  3 ml  below  the  original  release  altitude  of  38.  000  ft  (7, 83  km). 

Before  discussion  of  the  balloon  extraction  event  (Section  4. 4. 8)  some  qualify- 
ing remarks  are  In  order  with  regard  to  the  basic  assumption  outlined  above  con- 
cerning the  opening  of  the  main  canopy.  (These  remarks  will  be  relevant  In  the 
balloon  extraction  discussion,  also. ) 

In  postulating  the  "analogue  equivalent"  parachute,  no  consideration  was 
allowed  for  possible  distortion  of  the  drogue  as  It  became  partially  unloaded  during 
the  free-fall  of  the  cryogenic  unit  and  then  picked  up  the  whole  load  again  when  the 
center  vent  pull  line  became  taut.  It  was  treated  as  a stable,  fully  open  chute 
throughput.  Likewise  no  allowance  was  made  for  the  likely  penetration  of  the  load 
on  top  of  the  main  canopy  Into  the  openlng-up  folds  of  that  canopy,  seriously  distort- 
ing ths  canopy  gaometry  and  normal  opening  characteristics.  Thus,  the  standard 
reference  areas,  drag  oosfflctsnts,  porosity  values  and  the  like,  used  to  get  the 
valuesshown  In  Table  3,  may  have  to  be  multiplied  by  one  or  more  adjustment 
faotors  to  obtain  true  performance  values.  Since  factors  of  this  typs  cun  be  ob- 
tained only  through  tests  suoh  as  those  planned  at  El  Centro,  no  attempt  will  be  made 
here  to  guess  at  what  they  should  be. 

The  possibility  that  ballast  may  be  ntoessary  to  Improve  the  opening  perform- 
ance of  the  84 -ft  chuts  (main  canopy)  and  to  aid  the  ensuing  balloon  extraotlon  pro- 
csss ts  another  faotor  whloh  makes  vulnerable  the  velocities,  tlmss,  and  altitudes 
shown  on  Table  3 for  ths  completion  of  various  evsnts,  On  ths  other  hand,  ballast- 
ing may  help  to  eliminate  the  distortion  problems  suggested  in  the  preceding  para- 
graph, thereby  justifying  any  reeomputatlonB  that  Its  use  may  entail.  Even  If  no 
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Imllust  welRht  v.uluu  uun  be  ussignud  it  tin s t i i n u , it  ecu  be  immuncd  Hint  ;i  bullustcd 
system  will  full  fnstor,  unci  will  have  lurRnr  opening  sliocUs,  It  mit.v  ulsn  bn  a morn 
predictable  system t however,  In  terms  of  provcntlnR  excessive  downward  excursions 
of  the  apex  lend  and  of  ueldevtiiR  tint  desired  drug  tit  the  proper  time?, 

Those  qualifying  immiiii t’kn  having  boon  stated,  Urn  discussion  will  now  continue.  ' 
on  the  assumption  that  the  times  nml  other  parameters  Riven  on  Table  2 are  reason- 
ably  valid 

4. 4. ft  HAl.I.OON  10 HOP'  KVKNT  NO,  4,  At, HR 
MAl.l.OON  KXTUAt’TItiN 

The  bntloon  extraction  event  will  him  In  an  soon  ns  the  two-pn  ruehule  array  Inis 
reached  nn  equilibrium  velocity  (-211,  ftB  fpH,.  -II.  (10  nips)  us  discussed  In  Section 
4.4.4  (no  ballast  employed,  standard  rectors  used),  A tlnicr-gcncrutwl  signal  will 
now  fine  a second  Tenney  rulviiHu  (event  4a),  I'oun  suspension  llneH,  similar  to 
those  released  from  the  currier  bnlloon  In  event  In.  will  thereupon  he  disconnected 
from  tint  drogue  extension  lino  (Figure  nl,  Tills  quickly  (0,  ft  seel  "unloads"  the 
drogue  once  morei  tlmt  In,  drustleully  reduces  the  weight  It  Is  huh  pend  I hr. 

.1  lint  prior  to  the  firing  of  tills  I! nil  Tenney  release,  the  dnoRiie,  nt  event  He 
equilibrium  veloelty,  wiih  supporting  n loud  eipuil  to  the  product  of  the  total  load, 

14110  Hi,  and  the  ratio  of  the  drnguc'H  elToetlve  drug  urea  to  the  total  elTertlve  driiR 
a roii  of  the  array,  A numerical  oxnmplc  of  this  Htatemenl  Is  presentod, 

Using  t lu>  elToetlve  iIimir  area  valneH  derived  In  note  |(l  we  see  that  I he  droRae, 
Just  hol'nre  the  serend  rolease,  was  supporting  the  I'oIIowIiir  weight: 

14 HO  lh  ((1411.11ft  Ur  1 " or  HHO.  Mil  1h  (IftH.UM  Ur)  , 

1 d'.  The  elToetlve  drag  area  of  a pivrueliule  Is  not  the  mime  us  Ihe  area  dismissed 

In  Section  <1,4,4  and  which  Is  uorimilly  referred  lo  as  Sn,  the  reference  area, 
whore  fl/4  I),/,  The  effective  drag  area  Is  t ho  produet  of  (hr  reference 
area  anti  thr  parachute's  rnefflrlent  of  drag,  i',),  Tims,  using  Ihe  nvoriiRc 
C’l)  values  of  0, 711  nml  0,7ft  for  Ihe  drogue  had  mala  pararhnlrs,  respectively, 
wo  obtain  elTcotlvo  tlriiR  areas  as  fnllmvsi 

Fngltsh  Units 

DOR,  11  ft“  s 0,711  ■ 7ftO,  Ift  fl“  (1‘ijS^l  for  Ihe  Hft  ft  dla,  drogue  clnile 
HBKI.im  ft^  x (1,7ft  !M  12,  74  ft"  « U'^S  ) for  llu'  IU  ft  din,  main  cbnle 

tl ' ,,S  1 drogue  i (t\.S  liuuln-  HIOH,  la  f|H  B (r.  s I for  Ihe  72, mill  ft  din, 

1,0  1,0  M ” enmblne.l  chute. 

Metric  Units 

HU,  HUH  m“  k 0,711  (111,  7 111  '^*117  in  dla,  drogue  chute 

Mi'll,  11(111  in'1  x 11,7  ft  MM4,lftl  ma  IF  ] ^1  for  I lie  ll>,  ft  1 in  din,  miiln  chute 

(i  I a OH,  118 m®  (l\,H  ) for  Ihe  MM,  2H  m din,  combined 

finite 

HU 


r 


Thu  remainder  of  the  load  (14110  Hi  - HHli,  2(J  II)  nr  10110,74  lb)  wild  bring  slip- 
ported  by  the  main  canopy  (1000,74  lb  k 404,  70  kg), 

When  the  relensenccnrs  (event  4u)  the  load  on  tlu>  drogue  Id  maidenly  reduced 
from  11111),  2U  lb  (1511,1111  kg)  to  approximately  70  !h  (111,75  kg),  (See  nnti*n  17  and  111,) 
The  llrogUf!  then.  ntarta  to  derolorntr  rapidly.  The  unlnadi'd  weight  Id  picked  up  by 
the  main  canopy  which  sturta  to  unroUifutu.  Main  canopy  loading  Jumps  from 
lOt'O.74  lb  (404,70  kg)  to  11(00  lb  (010,  0 kg),  The  net  effect  Is  that  the  two  parachutes 
start  In  pull  away  from  each  other  vertically,  However,  they  are  sllll  Joined 
loosely  hy  the uoenrdlui'i-pucked  Al.HH  balloon,  Iho  lop  of  which  Is  still  attached  to 
the  drogue  extension  line,  (The  base  of  the  balloon  Is  secured  to  the  multi  i;at\opy 
apex.  I Slime  the  drogue,  even  though  decelerating,  still  lum  drug,  It  serves  as  an 


17.  The  70  Ih  (111,75  ku)  load  on  Hie  drogue  at  the  moment  of  separation  Is  bused  on 
I he  uHHumplInn  the  drogue  now  supports  only  HI  percent  of  the  balloon  weight, 
that  Ih,  10  percent  of  t HO  lb  or  III  lb,  plus  the  weights  of  the  extension  Hue, 
the  hardware  attached  thereto,  and  the  drogue's  own  weight,  The  total 
weight  of  these  other  Items  Is  52  lb,  (liefer  hack  to  Tabic  1 for  system 
v right  values,  ) This  Is  not  n static  load,  however,  and  will  increase,  us  the 
balloon  Is  pulled  out,  from  an  initial  70  lb  (111  i 52)  to  a final  fill'.!  lb  1 1 til)  ' 

52),  (In  metric  values  the  Increase  is  from  Ml, 75  kg  to  1011,2115  kg,)  A 
second  assumption  here  Is  that  lids  transfer  of  loud  buck  In  Hie  dengue  will 
occur  linearly  over  the  time  period  rnpdred  by  the  rxl  met  Ion  process,  lly 
milking  t hi h assumption  we  ran  program  the  gradual  changes  In  spend  of  Hie 
Iwn  chutes  and,  thus,  calculate  I lie  time  reipilrcd  to  extend  the  balloon  to  Its 
full  length,  The  changes  In  speed  arise  from  the  fact  that,  as  the  dengue 
gradually  becomes  loaded  again,  It  starts  In  speed  up,  The  main  chute  Is 
gradually  losing  weight,  of  course,  so  Hint  It  Is  simultaneously  decelerating, 
Al  the  end  of  event  4b,  the  two  chutes  arc  moving  apart  at  it  speed  of  upproxl- 
mutely  (l,  5 1'ps  (t,"n  mps)  as  noted  on  Table  2t  (•ai>.  On  fps)  - (-2:1,21  Ips), 

See  Appendix  A (Table  A4  and  A 5)  for  computations  of  the  performance  of  tlm 
two  chutes  during  the  extraction  process, 

111,  The  sudden  unloading  of  the  drogue  nt  event  4a  introduces  nnrr  more  the  type 
of  uncertainty  discussed  In  Section  4,4,4  In  connection  with  main  chute 
deployment,  The  drogue  mnv  not  stinplv  decelerate,  that  Is,  reduce  Its 
rate  of  desrenl,  It  may  even  move  upward  and  heroine  distorted  as  its 
suspension  lines  and  Ihr  HOD -ft  extension  line  relax,  Thus,  Instead  of  a 
smooth,  Hnear-wlth-tlme  wdtlnlruwnl  of  Hie  balloon  from  Its  storage  con- 
tainer Ihrre  may  be  ii  series  of  uneven  pulls  and  possibly  some  lateral  dis- 
placement at  the  same  lime,  t he  reefed,  accordion-pleated  balloon  malar- 
ial Is  expected  to  survive  a reasonable  iimotml  of  rough  treatment  in  this 
regard,  but  overall  system  stability  may  be  marginal,  The  111  Centro  Irsts 
will  attempt  lo  resolve  lids  uncertainly  by  extending  a simulated  AI.I1S 
balloon  (a  Hl'g-l't  length  of  heavy  rope)  from  a container  on  top  of  the  main 
canopy, 
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"anchor  In  tin'  sky  In  rapport  thr  tiip  i‘Hil  of  thr  Al  .US  balloon,  thus  « * Tl'i ■ i'1 1 v t'l v 

1 " 

pulling  it.  up  from  ltd  storage  compartment  on  top  ol  tin-  main  I’liuto. 

Thr  above  extraction  event  (4h)  requires  H sec,  the  time  it  take#  thr  two  eluitos 
to  move  apart  h.v  102  ft,  wltlrh  1m  Hip  length  of  thr  special  A LBS  lialloon.  When  the 
fully  extended  balloon  (Wgiire  101  Is  taut  the  coupled  two-chute  array  is  in  effort 
again  and  n new  equilibrium  vrlority  is  attained  In  It  see  {-28,  20  fps,  -8,  00  mps), 
This  completes  event  -lx,  The  balloon  is  now  ready  for  the  inflation  process, 
event,  5, 

111,  If  we  examine  the  hehnvtov  of  the  H8«ft  dlam,  drogue  during  the  extraction 

process,  In  the  calculations  uf  Appendix  A (Table  A4)  it  is  clear  Hint,  q,  the/ 
dynamic  pressure,  quickly  drops  to  a very  low  value,  0.  li  psf  (0,507  kg/ivt'^), 
Ideally,  according  to  (he  Parachute  Handbook.  q should  not  dip  below  0.8  nr 
0, 0 psf  (2,  44  or  1,  40  kg/m*),  if,  yen  wttiiUu)  assumption  that  t ho  drogue  does 
not  becoiue  seriously  distorted  or  displaced  at  event  4a,  there  is  still  a 
question  of  whether  it  will  remain  Inflated  at  such  low  q vulues,  l'‘or  this 
reason  a ring  slot  chute,  with  a lower  coefficient  of  drag  (0,5fi),  may  actually 
he  a hotter  choice  as  a drogue  clutte  (see  note  20), 

The  main  chute's  q (/'ppondlx  A,  Tattle  A5)  hovers  around  0,5  psf  throughout 
the  extraction,  hut  in  the  calculations  no  provision  was  made  Tor  possible 
distortions  of  canopy  geometry  its  the  apex  load  pushes  down  on  that  relatively 
slow-moving ( -211  fps)  chute, 

Since  the  dynamic  pressure,  q,  is  a function  of  atmospheric  density  and  system 
velocity  (q  •’  1/2  /)  V«),  for  a given  altitiule,  q can  he  increased  by  Increasing 
system  velocity,  This  Is  where  the  attractiveness  of  ballasting  the  load 
under  the  84 -ft  chute  lies,  lly  Increasing  that  load  Hie  main  chute  will  he 
made  to  fall  faster  (sec  formula,  note  20  below)  and  to  build  up  "q",  thus 
resisting  the  tendency  of  the  apex  load  to  sink  Into  the  canopy  and  to  distort 
Its  geometry,  (On  the  other  hand,  the  uncertainty  mentioned  in  note  ill, 
regarding  the  unloading  of  the  drogue,  ttiuy  be  exacerbated  by  ballasting, 
since  the  loss  of  weight  experteuccit  by  the  drogue  In  event  4a  Is  thereby 
increased,) 

20,  Kqulllbrlum  velocity,  that  is,  the  velocity  or  the  descending  system  In  the 
steady  state  condition  Is  determined  by  llte  formula  below.  (Note  tlml  V ,, 
Increases  with  increased  weight  and/or  decreased  t'|j,  Her  note  It), 

Increased  V means  a higher  value  of  q, ) 


W 

M MS  t. 


• ^lAAmix  ) 


where  W * the  weight  of  the  systom,  including  the  parachute, 
MSI  n,et'n  sea  level  density 

Ojj  - ratio  of  the  density  at  altitude  II  to  that  at  MSI, 

V equilibrium  velocity  at  altitude  II,  This  Is  called 

h llte  terminal  velocity  when  altitude  II  Is  at 
ground  level 

l’,,  coefficient  of  drag  of  the  parachute 


|)So\n«x 


reference  area  of  the  parachute  |J-o 
maximum  effective  area  of  the  paruchulc 
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4,4,  8 BALLOON  DROP  EVENT  NO,  5,  BALLOON  INFLATION 


At  the  end  of  event  4a  the  balloon  has  been  fully  extended  and  is  taut  (see 
Figure  10).  If  we  assume  that  the  uninflated  balloon  contributes  no  effective  drag, 
the  total  system  drag  area  Is  the  same  as  it  was  before  the  extraction,  3 183.  ID  ft4" 
<233,88  which  is  the  sum  of  the  effective  drag  areas  of  the  drogue  and  the  . 
main  chute,  (The  balloon, is  treated  here  as  Just  an  added  line  between  the  two 
chutes, ) The  drag  force  on  the  drogue  is  then  339,  26  lb  (153,  fill  Itg)  as  calculated 
in  Section  4,4,5,  and  that  on  the  main  ohute  is  1000.7  4 lb  (404,70  kg), 

When  the  balloon  inflation  command  is  now  given,  the  process  begins  whereby 
the  liquid  helium  in  the  cryogenic  unit  below  the  main  canopy  is  converted  to  the 
gaseous  state,  warmed  and  transferred  up  to  the  waiting  balloon,  Although  the  gas 
starts  to  flow  almost  Instantaneously  the  complete  event  Is  a long  one,  requiring 
an  estimated  five  min  for  transfer  of  alt  of  the  gas,  During  all  of  Lids  time  the 
ALBS  array  Is  losing  altitude  steadily,  hut  at  a decreasing  rate  of  descent, 

Two  Interesting  and  interacting  physical  changes  occur  simultaneously  during 
the  inflation  process,  both  of  which  have  a pronounced  effect  on  the  dynamics  of 
the  event, 

First,  as  the  liquid  helium  changes  over  to  gas  and  enters  the  balloon  It  adds 
buoyancy  (positive  lift)  to  the  system,  neutralizing  some  of  the  weight  previously 
supported  b.y  the  parachutes,  Thus,  there  is  a steady  diminution  of  system  weight 
(WH)  apparent  on  Table  ft,  which  lists  changes  in  various  system  parameters  dur- 
ing the  balloon  inflation,  (The  incremental  loss  of  is  matched  by  the  Increase 
in  I'A L,  buoyancy,)  Because  1h  decreasing  there  Is  an  accompanying  decrease 
in  system  descent  velocity,  per  the  relationship  shown  in  note  20  in  the  preceding 
section.  This  cun  be  observed  in  the  column  headed  Ve  on  'Table  ft,  (Not  all  of 
the  deceleration  shown  in  the  column  is  the  result  of  the  added  buoyancy,  Some 
is  due  to  increased  system  drag,  as  explained  in  the  next  paragraph,  and  in  in- 
creasing atmospheric  density,) 

A second  change  Is  that  the  g ns  bubble  formed  at  the  lop  of  the  balloon  adds  to 
the  total  effective  drag  area  of  the  system  (Ct^S^)^,  It  will  he  seen  from  Table  ft 
that  increases  throughout  the  Inflation  process  until  the  drogue  cutaway 

action,  At  that  point,  there  is  a step  decrease  to  show  the  loss  of  (C,.^)  for  the 
drogue,  The  reduced  (C | j^0'yq  value  then  becomes  the  starting  point  for  a now 
tncremontally-IncreuHod  system  effm'tive  drag  area,  the  augmentation  of  which 
persists  until  the  balloon  is  fully  inflated,  (The  Incremental  Increases  In  (it 
are  equal  numerically  to  the  Increases  shown  under  the  (Lj3Sr))jj  column.) 
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089,73 

1480,32 

1968,51 

2454.25 

2936.87 

3417,68 


1309,06 

1204.17 


1263.5b 
1247.38 
1231  02 
1214.47 
1197,73 
1 182,99 
1101.01 

1148.83 
1131,44 

1113.84 


1030.08 

1023.67 

1007,14 


12.365 

14,140 

15,55 

16.74 

17,77 

18.69 


3201.00 

3223.22 

3241,71 


3273,18 

3287,17 

3300.35 

3312.85 

3324.77 

3336.22 
3387.24 
3357,89 

3368.20 

3378.20 
3387.02 
3397.41 
3406,68 
3415,70 
3424,55 

3433.22 

2691.20 
2699 , ] 2 
2706,37 


2/20  50 


100.00 

123.08 

137.16 

149,66 

161.58 

173.03 
184,05 
104.70 

205.01 

215.01 
224.73 
234.22 
243,49 
252,51 
261,36 

270.03 

278.55 
286.38 
293.63 

300.79 
307.85 

314.80 
321.65 
328.43 

ssr, , 1 1 
341.72 
348,28 
354,78 
361.18 

367.56 
373.89 


1048.53 

1031.40 

1015,14 

990,25 

984.27 
060,06 
054.03 
030.16 
024.30 
910,79 

896.28 
881 ,82 
867,39 
852,97 
840.13 


811.50 

797.15 


Cut  away 


LEGEND 
H altitude 

o-  atmospheric  density  ratio  (/», 

P atmospheric  pressure 

L/M  lift/mass  ratio 

ratio  lb.  lift  / lb.  gas 

At  time  differential 

ZAI  cumulative  differential 

Vj  system  equilibrium  descent 

q dynamic  pressure 

lAMHe  cumulative  quantity  of  Hell! 


2793.00  380,16 

2799,17  386.43 


920.64 
012,61 
895,51 
878,34 
864,27 
847, 10 
829,84 
812.49 

705.03 
781.25 
763.7(1 

746.04 


710,29 

606.54 

678.39 


drogue  here.  SAL  cumulative  buoyancy  added 
% over-all  system  loading  on  pi 

Vt.  volume  of  gas  bubble 

d|;  diameter  of  gas  bubble 
(C0S0){j  total  effective  drag  area 

(CDS0)„  effective  drag  area  of  gas 

DL  drag  of  balloon 

D(1  drag  of  drogue 

Dm  drag  of  main  chute 


Nolo  I,  Ds  + Dt,  +Dm  » Ds  ‘ Ws  ul  Equilibriums 
Note?,,  Temperature  of  Ho (g)  assumed  250 ®K  . 
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Table  8.  ALBS  Balloon  Inflation  Calculations 


[CqSo)| 

(ft)2 

Db 

(lb) 

Do 

(lb) 

Dm 

(lb) 

_ 

330. 

26 

1000.74 

37,90 

16,757 

331, 

84 

1066.87 

60.03 

26.00 

326, 

13 

1048.53 

78.  52 

33.569 

320. 

83 

1031,49 

04.32 

39.95 

315, 

74 

1015,14 

109.00 

45,55 

.310, 

80 

099.25 

123.98 

SO.’ 58  ■ 

306. 

15 

084,27 

137,16 

55.09 

3()t, 

41 

969.06 

149 . 66 

59.18 

206, 

74 

954.03 

161.68 

62.89 

202 

11 

9.30.16 

173.03 

66.29 

287, 

52 

024.39 

184. OS 

69,48 

283. 

29 

910.70 

194,70 

72.3.3 

278. 

7B 

806.28 

203.01 

74.93 

274. 

28 

88 1 . 83 

215.01 

77.30 

260. 

78 

867.39 

224.73 

79,45 

265 

.31 

852,97 

234,22 

81.56 

261 

31 

840, 1.3 

243.49 

8.3.34 

.156 

86  . 

'825,81 

252.51 

84,9.3 

252 

40 

811,50 

261.36 

86,35 

147 

94 

707.15 

270. OS 

87.61 

243 

47 

782.77 

278,55 

109.39 

( 

947.54 

286,38 

110.34 

929.64 

293.6,3 

1 11 .06 

912,61 

300.79 

111.64 

895.51 

307.85 

112.07 

H78.34 

314,80 

112.76 

864.27 

321.65 

112, 9.3 

847.10 

328.43 

112, 96 

829.84 

335,1  1 

112.85 

812.49 

341,72 

112,60 

705,03 

348,28 

112,77 

781,25 

354,78 

112.30 

763,70 

361.18 

111.68 

746,04 

367,56 

110.94 

728.24 

373,80 

110.07 

710.29 

380.16 

109,75 

606,54 

386.43 

108,66 

(.78.50 

LEGEND 

H altitude 

<r  atmospheric  denelty  ratio  (^0) 
P atmospheric  pressure 


L/M  lift/ mass  ratio 
ratio  lb,  lift  / lb,  gas 

At  time  differential 
SAt  cumulative  differential 

i 

V4  system  equilibrium  descent  velocity 

q dynamic  pressure 

— Cut  away  cumulative  quantity  of  Helium  transferred 

drogue  here  SAL  cumulative  buoyancy  added  to  system 
W„  over-all  system  loading  on  parachutes 

Vj.  volume  of  gat  bubble 

cl |,  diameter  of  gas  bubble 

(C080)ft  total  effective  drag  area 

(CD80)tl  effective  drag  area  of  gas  bubble  (balloon) 
drag  of  balloon 
Dp  drag  of  drogue 

Du  drag  of  main  chuto 


Note  I,  Dh+Dd+Dm  u Db  » W|  ut  Equilibrium  Velocity 
Note?..  Temperature  of  He (g)  assumed  ?50*K  throughout 
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The  Increased  drag  area  aeaooiated  with  the  developing  gas  bubble  (Cqs0>3 
aervee  to  decrease  system  equilibrium  descent  velocity,  V0,  As  noted  above, 
additional  deceleration  is  being  caused  simultaneously  by  the  buoyancy  and  atmos- 
pheric density  effects,  Thus,  the  values  of  column  Ve  reflect  the  combined 
reductions  in  system  descent  velocity,  Table  5 shows  that  as  the  system  equilib- 
rium velocity,  V#i  decreases,  q (dynamic  pressure)  also  decreases,  as  does  the 
total  system  drag  or  decelerating  force,  D|,  (See  notea  21  and  23, ) There  is  a 
step  increase  in  q,  when  the  drogue  is  cut  away,  but  the  decrease  soon  continues, 

Table  5 shows  change*  In  eystem  parameter*  over  fixed  intervals  of  height 
(200  ft),  The  starting  altitude  of  23,400  ft  approximate!  the  altitude  of  the  drogue 
ehute  at  the  end  of  event  4c  on  Table  2 (23,  483  ft),  The  starting  equilibrium 
velocity  is  the  system  V#  at  the  end  of  event  4c,  A program  was  developed  (see 
Figure  11)  to  aeoertain  the  time  required  for  the  system  to  fall  through  each  200 -ft 
Interval  of  height,  taking  into  effect  the  decreasing  velocity  because  of  factors 
dlsaussed  above,  Incremental  and  cumulative  time  values  are  shown  under  columns 
At  and  EAt  respectively. 

It  was  assumed  that  the  total  quantity  of  helium,  102  lb,  would  be  transferred 
linearly  with  time  over  300  sec  (8  min).  On  that  basis,  the  amount  transferred 
(AMHe)  during  any  200-ft  interval  would  be  a function  of  the  time  (At)  required  to 
descend  that  distance.  Whence,  AMHe  ■ At  . ^ , For  example,  during  the  first 
200-ft  Interval  on  Table  6 (23,400  ft  - 23,200  ft)  the  amount  of  helium  transferred 
la  2.  428  lb,  which  la  the  result  of  ths  calculation  7.08  sec  x ^ x 1.012,  where 


21.  The  actual  step-by-«tep  drag  forces  on  the  three  drag-developing  components, 

the  balloon,  the  drogue  chute  and  ths  main  chute,  are  shown  in  columns  Dq, 
and  Diyi  respectively,  Dg,  the  sum  of  those  three  columns  for  enoh 
step,  equals  the  corresponding  Wg.  (Du  la  not  shown  separately  on  Table  8, ) 
Note  that,  despite  the  steady  Increase  of  Dr,  the  sum  of  Dj},  Dn,  and  Dm 
decreases  In  step  with  Wg,  (See  note  32, ) This  is  ae  it  should  be,  since,  In 
a parachute  system  at  equilibrium  velocity,  Wq  * Du,  which  Is  a simple 
rearrangement  of  the  equation  tn  note  20,  Section  4l,4.3,  The  component 
drag  values  are  Included  in  Table  8 to  allow  monitoring  of  the  performance 
of  those  components  and  to  enable  the  drogue  cutaway  point  to  be  established 
with  confidence, 

22.  O,  drag,  Is  a function  of  both  q and  the  effective  dmg  area,  thnt  Is,  1 

D « q(CnJW*  ,n  this  situation  the  decrease  In  q means  a decrease  In  total 
system  drug  (decelerating)  forces,  despite  the  Increaelng  values  of  <Cd80>s 
because  of  the  predominant  effect  of  q which  decreases  with  the  square  of 
the  velocity  (q  « l/2p  V®), 
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7, 06  see  is  the  estimated  At  For  the  first  interval  and  1,012  is  an  empirical  oorreo* 
tion  factor,  (See  note  23, ) This  quantity  appear*  in  the  EAMHe  column  which  is 
a cumulative  reaord  of  the  amount  of  helium  transferred  aa  the  event  proceed*, 
When  the  quantity  of  helium  (lb)  le  multiplied  by  the  lift  to  mass  (L/M)  ratio 
(lb  lift  per  lb  of  mass)  for  helium  at  the  pressures  and  temperatures  involved  the 
amount  of  buoyancy  la  obtained,  Cumulative  values  of  buoyancy  appear  in  the 
UAL  column, 

The  density  of^ helium  (at  280 “K)  is  calculated  for  each  200 -ft  attitude  incre- 
ment by  the  program  used  for  Table  8,  This  density  value  is  divided  into  the 
EAMHe  value  to  obtain  the  volume  occupied  by  the  gas,  Vb.  The  gas  volume  In 
assumed  to  be  that  of  a sphere,  whence  the  diameter,  d^,  is  obtained  by  the 
relationship  d(jpj1ere  ’■  (V  *»)  1/3.  Knowing  the  diameter,  we  can  obtain  the  cross- 
sectional  area  (ffda/4)  or  8 , This  is  then  multiplied  by  a value  or  0,  8 (C^  for  the 
bubble)  to  give  us  <C pSQ)B  or  the  effective  drag  area  nf  the  balloom  (C.JS0)g  in  turn 
augments  the  value  of  (C|5Sq>jj< 


23,  The  actual  descent  time  for  each  200-ft  interval  Is  a function  of  the  system 

velocity,  which  in  turn,  is  a function  of  the  changes  being  generated  by  the 
developing  gas  bubble,  The  program  used  an  educated  guess  (7,08  sec)  us 
the  At  for  tne  first  A Mile  calculation.  The  actual  At  was  7.13  sec,  derlvod 
from  a knowledge  of  the  system  configuration  after  the  gas  bubble  lud  formed, 
(The  gas  bubble  here  Is  the  product  of  the  estimated  amount  of  helium  trans- 
ferred, based  on  the  estimated  At.)  l>'or  the  2nd  A Mile  calculation,  the  7.  13 
see  value  was  used  as  the  estimated  At,  yielding  a AMlte  value  nf  2,  483  lb, 
which  when  added  to  the  2,420  lb  from  the  firBt  Interval  calculation  yields  a 
EAMHe  of  4.  079  lb,  Decause  the  system  Is  slowing  down,  the  At  values, 
are  Increasing  with  each  Interval,  Hence  the  use  of  the  previous  intervals 
At  In  each  AMHe  calculation  lends  to  an  understatement  of  the  amount  of  gas 
transferred,  This  Is  the  reason  for  the  use  of  the  empirloal  correction 
factor,  to  ensure  that  108  lb  of  helium  are  actually  transferred  when 
EAt  ■ 300  seconds, 

24,  The  lift  to  mass  ratio  is  obtained  by  dividing  the  specific  lift  of  gaseous  helium 

(density  of  air-density  of  helium)  by  the  density  of  helium,  Air  and  helium 
densities  were  separately  calculated  for  1000  ft  intervals,  assuming  an  air 
temperature  varying  between  88f)’  and  273"t<  and  a eonstant  helium  tempera- 
ture of  2fiO“K.  The  resulting  T./M  ratios  are  Bhown  on  Table  8,  The  values 
were  assumed  to  hold  constant  throughout  the  1000  ft  Interval  and  then  jump 
to  a new  value.  This  assumption  generates  slight  inaccuracies  but  the  values 
obtained  are  considered  adequate  for  the  purposes  of  this  report.  More 
accurate  helium  densities,  calculated  for  each  200  ft,  are  used  in  the  deter- 
mination of  the  volume  of  the  gas  in  the  bubble,  V, , (Sre  Addendum. ) 
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1,  Computi  Pj  X Rig .18 

ip,  x .01212  ■ p,Ht(J)) 

I.  Dlvldi  mult  Into  Aig.02 

(.» llil.  sv,  ,) 

lp2Hi(g)  <«>’ 

).  Solvit 

(|  EV9>1/3  • dh 


B,  Computli 

R«g,0B(C|  )»IXig  i l<(oQ) 
1000  Trt) 

S,  STO  Rig ,83  (Ao/ft) 


1,  SUBR  100B 

2,  Subtrict  Rig. it  from 

Rig.Ot: 

(H-AH(200')*ni*  N) 

3.  Multiply  Rig. 26  tliim 

Rig.2J: 

(AH  X Ad/ ft  ■ Ad) 

4.  AdP  Ad  to  Rig. OB 

(iIq  * An  • new  n ) 

6.  Dllpliy  mw  H 


4.  Computt 


(J  (d/  X 0,6  • (CgSg)j 

6.  STO  (CDI0)B  Rig. 16 

6.  Add  (CjSglj  to  Rig, 10 
(cn*n)» 


R,  RCl  Reg,  1.1  (.ve(H„)) 


i,  Computli 

[•w.^-V.v1 . .VJ 

10.  REC  Reg. 26  (AII)iCS 

11.  Computli 

•AH/-V,  • At 

12.  STO  04  At 
SUM  0?  IIAt 

13.  Xfer  Rig, 12  to  Hog, 13 

14.  X far  Reg, 16  to  Reg, 12 

<Wb 

15.  SUBR  1010 

16.  Deuruiiiunt  Reg.Ol 


iu»ii  tola " •' 

(q  e j-  pv*  • ,001189  u^j 

(•V.m .)*) 


i.  Multiply  Rtg.il  x 4 
(Ha  ■ (CDS0)B  X 4) 


Record i 
DAMHe  (Oil 

°B  'l5> 
4 IU) 

Vt(M1]  (ID 
At  (04) 

m 0/ 
(Ws  (10) 
!Wi  <»> 


1,  STO  Dg  Reg,  12 
4,  Multiply  Rtg.il  by  q, 

«Wd  B ‘ °D> 


5,  Add  Dg  to  Reg. 12 


(Dg  + D0) 


c,  Multiply  Rag. 22  by'q 
(tCDSg)M  4 * 0M 


/Record  0H  / 

• 

7,  Add  0M  to  Rag . It 

(V°d+dm)  ■ °l 

B.  Subtreet  0,  from  Reg.01(Ws) 

(Wj  • Dj  - 0) 


' Verify 
M.-O,  ■ 0 


9,  xftr  Rao.M(R|(..f)l  kB 

Reg. 03  ,(w' 

10,  Xfer  Rtg.80(C|,S#)S{p,f) 

to  Rug,  10 


(tag  1 1 tars 


00 

Count 

(34) 

01 

count 

(6)  Hotel  3,  4 

0! 

KAHIIt 

0 

03 

WjO  1 1 iZ 

1430 

04 

At0,l,2 

7,06  (lit.) 

06 

WLHe/tf 

,344]  (Nota  6) 

06 

¥HI  ,2 

23400 

0? 

ui 

0 

08 

«»o 

0 

09 

°(Hq-1000') 

,47444 

10 

(CdSo)50,1,2 

3163.19 

11 

L/N  ratio 

6,993  (note  4) 

12 

0 

-a. 

n 

X /'v* 

Ho 

*28,20 

14 

working 

16 

working 

- 

16 

0 

- 

17 

0 

1R 

Sue  Note  2 

,0121? 

19 

See  Notv  6 

.0011119 

20 

(cOso’j(ref) 

3163,19 

21 

(coVl> 

760,46 

22 

<C0»0>M 

2412.74- 

23 

MAH 

6 (Note  4) 

24 

“9  (ref) 

1430 

AH(ft) 

700 

U 

,1  y(  1 B , 4k  f l ) 

. 6!M3li 

27 

„?(16.4kft) 

,60125 

28 

,ifi(|7.4kft) 

,68170 

29 

dg(UI,4klt) 

.66266 

30 

,i4(|g,4ktt) 

.64407 

41 

dj(20.4kft) 

,62697 

47 

,ij,(7l  ,4kl  t) 

,60834 

33 

o,U2.4kftl 

.49117 

1,  Thin  It  « cyclic  open*# 

1 (ml tatlona  of  tht  Hang 
ditplty  only)  of  date) 

It  will  be  notdd  tint- 
Tht  18  i-tglitiri  biyon 
from  the  programtiln 
the  i topi  can  bt  el 
addinduml 

2,  tht  computation  for  thi 
H bated  on  the  relitlt 

If  pj  for  Ht  at  1 Atm  t 
at  a given  altitude,  II 

Table  6 thowi  the  valul 


3.  Atmotpherlc  demlty  ll 

from  itandard  atinoiphtft 
etc,)  It  the  demlty  it 
account  for  changing  dt 
the  Initial  value  of  d 
fallon  (All)  and  the  dtf 
The  .Vi/ft  parameter  ll  I 
and  every  hth  cycle  III* 
SUUR  1007,  op,  17.)  InlJ 
aubtracted  from  ,y  the 
darting  altitude  and  d 

Indirect  retail  method,' 
It  decremented  and  a n| 
to  recall  o valuet  iton 

4.  Stop  7 I i uted  to  monljl 
UM  ratio  for  each  10MJ 


6,  The  number  ,<"HIR9  In  I 


I.,  the  number  ,3441  In  «•(! 

j 

.K41  lb  Me  I 

si‘i.  . j 


Whwii  the  ilroyuw  I ft  cUti 
{ f rum  14;iD  to  I3I1H  Ibjil 
ox  tens  Ion  Hub  and  thlj 
In  Rn|iS?4  and  03  to  bi^ 
A % I mil  & r chrtnytt  U m 

the  loll  of  the  drogue! 
elm l.e,  2417,74  ftf, 
(Cns„)h  value  ll  l hat  l{ 
each  I Witt  Urn  In  yufc  i 
valuaa  of  At  art*  fiUbfcfci 


lAlnurfl  1 1,  I‘Mnw  Dlnaram  fnr  Pmui'iun  |j 


8®  M/m 


Regmeri 


00 

Count 

134) 

01 

count 

(6)  NOtat  3,  4 

02 

HAMHe 

0 

03 

WjOil  ,2 

1430 

04 

At0,l,2 

7.06  (eit,) 

06 

HLHe/tr 

,3441  (Note  6) 

06 

h0/hI,2 

23400 

07 

SAl 

0 

08 

(|Hq 

0 

09 

°h0  / 

°(Ho.1000') 

.47444 

10 

(CBS0)S0.1,2 

1163,19 

11 

L/M  ratio 

6.993  (note  4) 

12 

0 

■>> 

U 

■V  /-V, 

'll  * 

Mo 

•28,20 

14 

working 

- 

16 

working 

- 

16 

U 

17 

0 

« * 

18 

Set  Note  2 

,01217 

19 

See  Note  6 

.001 189 

20 

*coVs(rif) 

3163.19 

21 

*CDS0>0 

760,46 

22 

,coso!m 

2412.74 

23 

M/ft 

0 (Note  3) 

24 

WS(r*f) 

1430 

26 

AH(ft) 

200 

28 

»8(lb.4kft) 

•62I3H 

27 

o?(l6,4kft) 

.60126 

2U 

o6(17.4kft) 

.611170 

28 

u,(l8.4kft) 

.66268 

30 

<'4(19.4kft) 

,6440/ 

31 

iij(l’0,4krt) 

,6259/ 

32 

u2(2l,  4kU) 

,608.14 

33 

0,(22, 4kft) 

,49117 

NOTES 

1.  TM»  It  a cyclic  opin-ended  program,  tat  up  to  oparata  wl thin  tha  performance 
limitations  or  tha  Hang  462-1  Scientific  balk  Calculatori  No  printout  (l,»., 
display  only!  of  datai  SIS  itopi  of  programing  i 16  pamanant  registar*  (0-l6), 
It  HU  pa  notad  that  tha  program  actually  utat  ragiatarl  from  0 to  33, 

Tha  lit  ragtatara  bayond  tha  permanant  ragmen  wart  obtained  by  borrowing 
from  the  paagramainp  tttpt  at  tha  colt  of  tight  (taps  par  rtgittar,  Many  of 
tha  itopi  ean  ha  ailminatad  through  tha  utt  of  a mart  powarful  calculator, l»aa 
addendum) 

2.  Tha  computation  for  tha  danaity  of  helium  (g)  in  aubrouttna  1009,  up, l, 

Tl  "2 

it  bona  on  tha  ralationthip  p,  • a.  X X 

* * a 

t2  P1 

If  pj  fur  Ha  at  1 Atm  and  59°F  (2SB''K)  It  ,01066  lb/ftJ  than  p(  for  260"K  Ha 
at  a gtvan  altituda,  ti  oqual  to  ,01060  X 208  t > ,01217  P, 

ms  r * 

Tabla  S showi  tha  valuai  of  P.;  uiad,  eaprsilied  in  AIM, 

3.  Atmoapharlc  danaity  la  cumputed  by  tha  uaa  of  o,  whirl  d « £ and  It  obtained 

from  itandaro  utinoiphnri  tmblit.  Tha  dimity  at  a particular  altituda  (H„,h,, 
ate,)  It  tha  danaity  at  MSI  tinea  u for  tha  altituda.  Tha  procedure  to  u 1 
account  for  chanqinq  density  as  tha  system  dascendi  each  200  ft  is  to  augment 
tha  initial  valua  of  u with  a An  vatua  which  Is  tha  product  of  tha  dlltanco 
ration  (ah)  and  tha  diffaranca  In  n par  foot,  M/ft,  (Saa  SUIIR  1007  op. 3.) 

Tha  Mi  It  parameter  Is  determined  In  SUIIR  1016  at  tha  atari  of  tha  firat  cycle 

and  avtry  6th  cycle  ihaiaulSei.  IHili  la  thr  raainn  rnr  I he  .IHO  i tap  In 

SUOR  1007,  op, l?,)  Initially,  o0,  the  a for  the  evint  atarttng  altituda  is 
Subtracted  from  »ij , tha  n for  th*  altitude  1000'  bilow  tha  avant 
starting  altitudo  and  divided  by  1000,  (tip  la  recalled  from  Rag.Jl  by  tha 
Indiract  racall  method,)  With  each  lOQO1  of  daacant  (AH  or  200'  X S)  Ran, 00 
Is  decremented  and  a now,  lower-by-one  Indiract  rocall  comnnisd  is  generated, 
to  rocall  o values  stored  in  Reg. 32,  31,  30,  etc,  in  succession, 

4.  Stop  7 it  used  to  monitor  the  count  In  Rag, 01  and  to  insert  a new  valua  of 
l/M  ratio  for  each  1000  ft  of  descant, 

6,  Tha  number  ,0011119  In  Rag, 19  Is  equal  to  1 pHS1  , where  p^  * ,002738  slugs/ft9 

6,  Tha  number  ,1441  in  Reg, 05  * lj50''ie't!'  * *,ol?  (correction  factor)  • 

.3441  lb  Ho 
sac 


7,  When  tha  drnqua  Is  cut  away  thu  reference  system  weight  Is  decreased  by  42  lbs 
(from  1430  to  1380  lb).  (Thu  42  lb  Includes  the  wntght  of  the  drogue,  the 
esteiialpn  line  ana  the  hardware  on  the  line,)  This  requires  the  value  of  w. 

In  Ray. 24  and  03  to  be  changed  to  I38R  baton  tha  program  Is  resumed,  9 
A similar  change  Is  requlrod  for  Reg, 20  and  10,  since  (CqSqIj  Is  decreased  by 

tha  loss  oF  the  drogue,  (CqSq)q,  Tha  naw  reference  (Cp5g)s  Is  that  or  the  main 
chuta,  2412,74  ft?.  The  valua  of  !CB5o)B  In  Rag, 21  goat  to  0,  (Tha  rafaranco  . 
(tpSjjlj  value  is  that  to  which  the  cumulative  values  or  (CpS^n  are  added  with 
each  Iteration  to  gal  the  new  (CB6B)5  valua.  (In  the  case  of  tfs,  the  cumulative 
values  »l  At  are  subtracted  from  tha  reference  Wj.) 


Figure  11.  Flow  Diagram  I’or  Program  1M4-U,  Inrintloti  of  UmIIooit  (Event  5) 
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A*  the  balloon  fills,  the  expanding  bubble  causes  the  reefing  sleeve  to  open 
up  gradually  In  such  a way  that  slack  material  U still  protected,  Because  of  the 
relatively  low  altitude,  the  » Lae  of  the  bubble  (dg)  remains  small,  reaching  a maxi- 
mum diameter  of  only  31  ft  at  full  Inflation,  The  volume  of  gaa  in  this  bubble, 

♦» 

approximately  16,000  ft'  , Is  only  10  percent  of  the  fully-expanded  volume  at  float 
altitude.  Moreover,  although  the  volume  Is  Inoreaalng  by  virtue  of  added  gas,  the 
rate  of  Increase  is  slowed  by  the  effect  of  Inoreaeed  atmospheric  density  as  the 
system  descends, 

At  some  point  the  drogue  must  be  cut  away,  both  to  eliminate  unnecessary 
Weight  from  the  system  which  will  rise  to  float  altitude  and  to  avoid  pnselble 
entanglement  when  the  drogue  becomes  very  lightly  loaded  ami  subject  to  collapse, 
Table  6 Indicates  that  the  drogue  Is  cut  away  when  the  buoyant  lift  In  the  balloon  Is 
318  lb,  which  le  more  than  enough  to  keep  the  balloon  upright  after  the  support 
furnished  heretofore  by  the  drogue  Is  removed, 

The  inflation  Is  shown  to  be  complete  before  the  system  has  descended  to 
16,200  ft.  (Completion  Is  Indicated  when  102  lb  of  helium  have  been  transferred 
to  the  balloon, ) Interpolation  Indicates  that  the  final  height  le  approximately 
10,  270  ft.  However,  since  the  reference  starting  height  of  event  3 (23,400  ft)  was 
related  to  the  altitude  of  the  now-missing  drogue,  the  altitude  of  the  balloon  Is 
approximately  200  ft  lower  or  16,070  ft,  For  the  purposes  of  this  report  the  com- 
pletion height  for  event  6 will  be  entered  as  13,000  ft. 

The  balloon  (Figure  12)  le  now  ready  to  be  cut  away  from  the  apex  of  the  main 
canopy  and  to  aecend  to  float  altitude  wtth  Its  payload. 

4.4.7  EVENTS  0 and  7 BALLOON  SE  PA  RATION  AND  ASCENT 

Early  in  thie  report  (note  6,  Section  2,3)  it  was  stated  that  the  LI  In  qunnttty- 
102  lb  (40,27  kg),  wee  that  needed  to  lift  57  8 'b  (280,  B2  kg'  and  to  provide  10  per- 
cent free  lift  besides.  Using  a L,/M  ratio  of  6, 240  for  He  (based  on  equal  air  and 
gas  preeeures  and  temperatures)  102  lb  of  helium  will  provide  038,  DO  lb  of  lift 
(200,04  kg).  This  is  more  than  078  i 07,8  or  032,8  lb  (208,40  kg)  required,  How- 
ever, Table  8 Indicates  that  the  total  lift  at  Ihc  end  of  event  6 is  Just  about  57  8 lb, 
which  means  that  there  la  vary  little  free  lift.  This  Is  a result  of  the  2R0“K  tem- 
perature assigned  to  the  gas,  ve  the  289  to  373‘K  range  assigned  to  the  atmosphere, 
(The  air  temperatures  are  typical  of  the  White  Sand  Missile  Range  (W8MR)  environ- 
ment median  values, ) Note  that  the  L/M  ratio*  entered  on  Table  5 are  all  below 
8,240, 
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12,  ALBS  Flight  Teitti 
Completion  of  ALBS  Balloon  Inflation 
(Balloon  anti  payload  atart  to  pull 
away  from  main  ranopy) 


BO 


The  message  here  is  clear  relative  to  the  planned  balloon  drop,  If  warm  air 
temperatures  are,  expected,  the  amount  of  helium  used  must  be  increased  slightly  , 
or  the  gross  load  must  .be  decreased,  in  order- to  preserve  fpee,  lift  (see  note  25), 
Assuming  that  the  necessary  precaution*. are -taken  and  that  there  ta  adequate  free 
lift,  we  can  be  sUre  thut  separation  of  the  balloon  and  its., payload  will  occur  when  , 
the  restraining  pable  shown  in  Figure  7b  is  severed..  The  balloon  system  is  ex- 
peoted  to  lift  up  from  the  apex  of  the  main  canopy  and  to  ascend  to  float  altitude  at 
a rate  of  rise  of  approximately  800  fpm  (Figure  13),  AscSnt  time  should  be  about 
88  minutes.  The  main  canopy  and  the  cryogenic,  syit'erh  twill  deacend  to  the  ground, 
at  WSMR  in  about  12  min  with  a terminal  veldolty  of  approximately  17  fjis, 

4.4.8  OTHER  EVENTS  i • " 

The  purpoae  of  this  report  has  been  to  examine  the  mid-air  deployment  and 
inflation  sequences  of  the  ALBS  system  in  great  detail,  This  it  has  done,  There 
are  other  events,  for  example,  launch  Of  the  carrier  balloon,  eutdown  and  recovery 
of  th*  ALBS  balloon  and  payload,  recovery  of  the  carrier  balloon,  which  are  im- 
portant to  the  aucoess  of  the  over-all  test  program,  but  which  will  not  be  covered 
In  thla  report.  Those  eventa  are  believed  to  be  fairly  routine  in  nature  ami  to 
involve  standard  procedures, 

Similarly  no  detail*  will  be  given  of  command  and  control  systems,  sensors, 
telemetry  packages  and  the  like  which  must  be  employed  during  the  tests  to  ensure 
their  sucoess  and  to  provide  adequate  diagnostic  data,  While  the  systems  to  he 
employed  for  these  purposes  will  require  custom  planning,  they  will  be  made  up 
for  the  most  part  of  standard  flight  communications  and  control  devices,  The 
author  is  heavily  dependent  on  his  colleagues  at  AEQL  For  assistance  in  these  vital 
area*,  ■ ■ ■ 


JUTTFie  assumption  that  the  temperature  of  the  gas  remains  constant  at  2BQ*K  is 
conservative,  There  are  two  processes  in  effect  to  warm  the  gam  (1)  the 
transfer  of  thermal  energy  from  the  balloon  envelops  an  it  ia  warmed  by  solar 
and  torrestial  radiation  and  by  contact  with  the  ambient  air,  and  (2)  the 
adiabatic  warming  of  the  gas  (4*K/1000  ft)  as  it  descends,  These  factors  have 
not  been  computed  because  of  the  impossibility  of  knowing  the  precise  temper- 
ature of  the  gas  as  It  enters  the  balloon  at  any  point  during  ths  inflation  proc- 
ess, The  3B0*K  figure  is  an  estimated  average  instantaneous  temperature 
of  the  gas,  It  may  very  well  be  too  low,  In  which  case,  buoyancy  is  enhanced. 
A model  is  being  developed  to  take  those  processes  into  account  and  it  will  bo 
incorporated  into  the  program  at  a later  date, 


51 


5,  SUMMARY  AINU  CONCLUSIONS 

The  Atr  Launched  Balloon  System  development  history  has  been  traced  and 
the  circumstances  leading  up  to  the  teats  now  in  planning  have  been  described* 

The  theoretical  performance  of  a typical  deployment  system  (35-ft  ring  sail  drogue, 
B4 -ft  flat  circular  main  chute)  has  been  analysed  using  a number  of  stated  asaump* 
tlons  and  employing  programs  developed  for  this  purpose,  Contingency  arrange* 
ments,  (forexample,  use  of  ballast)  and  their  Impact  have  also  been  discussed. 

Data  presented  Indicate  that  the  ALBS  concept!  are  baaically  sound  but  requtre 
experimental  verification  to  enaure  optimum  component  selection,  Such  verifies* 
tion  is  the  anticipated  result  of  the  tests  planned  in  the  fall  of  1078  at  El  Centro 
and  tn  the  spring  and  summer  of  1077  at  WSMR, 
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Appendix  A 

Tablai  A1  Through  A6 


Al.  (iUNKHAI, 

Tables  At  through  AB  of  this  Appendix  contain  HumnittUuns  of  back-up  Knglish- 
unlt  data  generated  In  the  compilation  of  Table  2,  main  text.  Tire  data  are  presented 
in  the  format  employed  by  the  author  on  hi*  computational  worksheet,  The  listed 
program  numbers  (P4U,  P-13A,  etc,  1 refer  to  programs  first  prepared  by  him  for 
use  on  a scientific  desk  calculator  (Wang  model  452-1)  and  later  adaptod  to  u pro- 
grammable pocket  calculator  (Toxas  Instruments  Sll-52)  for  awny-from-the-office 
use.  (Seo  Figures  A1  through  A8  for  flow  diagrams.) 

To  avoid  confusion,  it  is  suggested  that  the  reader  first  find  the  subject  listed 
on  a particular  sheet  (for  example,  events  2a  and  2b,  on  Tuble  Al)  ami  then  relate 
the  computational  sheets  to  the  data  for  the  events  on  Table  2 and  to  the  discussion 
of  the  events  In  the  main  text, 

in  general,  programs  labeled  P4U  are  concerned  with  the  opening  phase  of 

'parachute  performance,  over  the  timo  period  from  T * 0 to  T = 1,0,  and  with  the 

attainment  of  equilibrium  velocity  immediately  afterwards,  The  primary  output  of 

Program  P4U  is  the  new  system  descent  velocity  nt  time,  t,  (Several  additional 

parameters  ure  derived  simultaneously  to  give  a more  complete  picture, ) The 

associated  programs  (P-0,  P-7U,  P-101  are  used  to  verify  the  opening  time 

selected  for  use  in  l’4U  and  to  determine  opening  shock  values,  The  programs  are 

1 3 

based  on  procedures  outlined  in  the  Parachute  Handbook.  ' The  P-13A  programs 
are  aimed  at  tracking  fully-open  purachutes  as  loading  conditions  nrn  varied, 
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The  discussion  which  follows  is  concerned  with  the  rationale  behind  the  data 
sheets  and  their  associated  programs  and  is  presented  ns  being  of  possible  Interest 
to  the  reader.  The  method  used  for  explanation  will  be  to  examine  the  key  features 
of  one  or  more  worksheets  in  considerable  detail  with  the  hope  that  a coherent  pic* 
ture  will  emerge. 

A2,  CiAiiClU.ATIONS  FOR  PARACHUTE  Ol’KNiNCi  i'KOCKSS  (PIlOlillAM  I'.'lli) 

A2, 1 Sttlaullmi  of  Opening  Time 

If  we  examine  the  worksheet  for  events  8a  Rnd  2b,  opening  of  35 -ft  ring  sail 
drogue  chute  (Table  Al),  we  note  that  a filling  (opening)  time,  t .,  of  3.  !i  hoc,  Ims 
been  selected.  This  is  a key  input  to  Program  P4U,  Normally,  as  In  the  case  of 
the  event  3b  computations,  Table  A3,  this  selection  Involves  trial  and  error  until 
a reasonable  value  of  tf  Is  obtained,  as  verified  by  the  computations  of  Programs 
P-O  and  P7U,  (See  notes  Al  and  A2. ) 

However,  In  the  case  of  the  3ft- ft  ring  sail  drogue  we  are  dealing  with  u para- 
chute with  geometric  porosity,  that  Is,  porosity  which  Is  a function  of  openings  In 
tho  canopy,  ("Solid"  canopies,  such  us  the  04-1't  flat  circular  main  parachute,  lack 
such  openings  and  rely  on  tho  porosity  [air  pormcablUtyl  of  the  material  used  In 
their  construction, ) The  fact  of  geometric  porosity  eliminates  the  normal  trial  and 
error  selection  of  tj,  hero  and  allows  tho  use  of  the  handbook  method  explained  in  the 
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Al,  Progrum  P-f)  solves  lilq,  (12-111  In  the  Pnraohuta  Hnndbooki 


Ei.  1 


A3, 


dV  f(T,  tf>  * { O-T)  (T4 /'1)  - 8oT  (1-T)  1 

for  values  of  3”  from  0 to  1.0,  using  tho  velocity  values  obtained  from 
Program  P-4P,  Ci‘  'is  equal  to  t/tf,  that  Is,  Is  the  ratio  of  elapsed  time 
to  total  filling  time,  and  dV  rafnt'H  to  the  change  In  system  volume  us  the 
parachute  opetiH, ) Program  l’-n  also  computes  the  maximum  theoretical 
volume  Tor  the  size  of  parachute,  where 

2!)  M , 

Program  P7P  effectively  plots  the  dV/dT  values  (obtained  b.y  Program  P-P) 
against  '1',  from  T » 0 to  T « 100,  and  measures  the  area  under  (he  resultant 
curvs.  The  answer,  which  Is  really  a volume,  is  compared  ngalnsl  v.1inx, 
if  reasonably  close,  tho  selected  tf  is  accepted  and  Program  P-10  Is  run, 
(See  note  A3, ) if  not,  a new  value  of  If  |s  selected  and  the  process  is  re- 
peated, substituting  the  new  tf  in  Prog  mm  PAP  to  generate  a new  rcI  of 
velocity  values. 


f.O 
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note  on  Table  Al  to  obtain  tf  directly.  Velocity  values  generated  by  Program  P4U 
from  this  y are  then  need  to  derive  opening  shock  values  (see  note  A3).  Height  and 
Velocity  values  shown  on  Table  Al  at  the  end  of  events  2a  and  2b  have  been  trans- 
ferred to  Table  2 in  thfrmain  text,  and,  in  the  case  of  2b,  form  the  starting  condi- 
tlons  for  the  next  event,  3a. 

It  cun  be  seen,  then,  that  the  computation  described  on  the  P4U  worksheet 
' seVyea  several..pijrpo|seB.,i;  It  .determines  opening  shook  and  end-of-evont  time, 
height  a'hrvertibal'veloetty  values.  It  monitors  dynamic  pressure  and  drug  forces 
throughout  the  event,  It  also  permits  easy  determination  of  the  attainment  of 
System  equilibrium  velocity  and  the  Impact  of  changing  various  Input  parameters 
such  as  drag  coefficient,  chute  diameter  arid  system  weight. 


A3,  Program  P-10  uses  the  velocity  values  obtained  from  Program  P-41'  to  solve 
the  following  equations,  for  values  of  T from  0 to  ti 


dv  _ -22.  Sv 
tPP  •TV'+HTKT 


tt'.yrv2  ctf 

flw.'vr  * Ttroarw 


m 


where 


r 3a^cii9oWi ... 
■V 

(cT.  Purauhute  Handbook, 

BqV"ir»Tm — ’ — ■ 

IV  = A 1 g 

H « jp-  •jjip  * Total  retarding  force  (Kq,  12-12) 

(2) 

I'o  “ ^ + *'  “ opening  ahock  force 

(3) 

I1’. 

^ « Opening  shock  force 

In  units  of  g 

" • i 1 

(4) 

Note  that  the  maximum  calculated  opening  shock  force  (Table  Al)  Is  2,  143  g's. 
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A2,2  Culotiliillon  Interval  ’’ 

Program  P4U  relies  for  Its  success  on  n large  number  of  calculations  per* 
formed  Iteratively.  With  the  selection  of  a tj  of  3.1)  see,  the  parameter  tf/50  Is 
fixed  at  0,07  sec,  (See  Table  A l,  register  02.)  This  is  the  time  Interval  between 
successive  calculations  bf  new, descent  velocities  (Section  A2.4V,  In  developing 
program  P4U,  the  author  found  It  to  work  best  when  Iterations  were  carried  out  at 
Intervals  of  tf/B0  or  even  shorter  (for  example,  t^/200  when  tf  Is  largo),  (See 
note  A4, ),  On  Table  AT,  under  column  ti  the  values  entered  are  0,  35,  0,  70,  otc, , 
which  are  five*fold  multiples  of  0.07,  This  simply  means  that  although  the  calcula- 
tions were  madeattf/50  intervals  of  0,07  see  (or  0,  02T)  they  were  recorded  on  the 
worksheet  only  at  Intervals  of  5 x t^/80  or  when  T * Oil,  0,  2,t'0,  3 etc,'  Thus,  the 
render  Is  advised  that  the  first  value  in  the  bv  column  does  not  represent  the  dif- 
ference'between  the  Initial  velocity,  v(l  ami  the  velocity  at  T 0,  1,  Huthor  It 
represents  the  difference  between  the  velocity  at  T >»  0,  1 and  that  at  the  Iteration 
T = 0,  0(1,  Just  preceding. 

AIM  l)i>v(ilo|mii<ni  ol'  tbdVicme  Aim) 

Program  P4U  assumes  that  the  parachute  refnrunno  area,  K . Is  at  a minimum 

2 1,1 

at  time  0.  In  this  case  the  minimum  area  value,  b,  In  2,  5 ft.  , The  program  pro- 
ceeds to  Increase  the  reference  area  linearly  with  each  Iteration  until  a maximum 
Is  attained  at  T = 1.0,  (Table  A1  shows  calculated  opening  areas  at  'I'  values  of 
0.1,  0.2,  clan  ) When  T Ih  greater  than  1, 0,  the  area  Is  treated  ns  u constant, 

AS.4  l>iivi>l*»|Miii>nl  of  VrliH'lly  Vulura 

The  Initial  velocity,  V|  (-145  fps)  Is  obtained  from  tlie  previous  event  do,  the 
end  of  the  first  free  fall  period),  The  -1B1.7R  fps  velocity  on  Table  Al  at  T = 0,  1 
(t  ’■  0,  35)  was  computed  by  the  method  about  to  be  described,  (The  snme  method 
holds  for  T 0,  2,  0.  3,  otc, ) 

The  basic  assumption  In  the  determination  of  a new  descent  velocity  Is  that. 

Vj  •••  Vj  4 AVj,  Knowing  v(  (or  vq)  It  Is  easy  to  urrivn  at  Vj  If  we  ran  find  Av)t  lie- 
calling  the  formulas  of  Table  3,  main  text,  we  know  that  In  u free-falling  system 


] 
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A4.  The  calculations  and  programs  discussed  Imre  "work"  111  the  House  that  they  ■ 

produce  values  which  one  might  logically  expect  in  the  analysis  of  an  opening  i 

parachute,  tuMng  into  consideration  the  effects  of  Increased  reference  area,  !! 

inoronsod  drug,  reduced  velocity,  etc,  They  .are  Imsed  on  techniques  given  jj 

In  the  Parachute  Handbook,  but  they  have-not  bean  verified  to  date  against  S 

actual  pnruehulc  openings, 


-JP-4- 


4v  ■ -gt  and  1»  oonstant  for  a given  time  Interval,  The  formula  for  &v  In  a deecand* 
ing  parachute  system  Is  a modification  of  this  formula  which  takes  Into  considera- 
tion the  deceleration  forces  generated  by  the  canopyt 

A v » -g®t  ( 1 - ^ ) 

where 

W * system  weight,  which  Is  known  and  Is  u constnnti 
D *•  system  drag,  which  is  determined  by  the  equation, 

IJ  a q,  (C.'ijH  1 , |l)  In  the  wise  of  an  oponlng  parachute 

Is  highly  variable,  because  (('|jS()'  changes  llnonrly  with 
time  and  because  q,  dynamic  pressure,  Is  also  changing 
(q  - £ pV®>.  \ 

g a -33.2  ft/sec2  (gravitational  constant) 

At  ■ Incremental  time  (sec)  (known! 

C,j  ■ drag  coefficient,  known,  treated  as  iv  constant 

To  solve  for  Av  we  must  know  tlit,  value  of  I)  for  each  Iteration.  This,  In  turn, 
reoulres  n knowledge  of  the  Instantaneous  value  of  (C^S^l,  which  Is  obtained  from 
the  program,  nnd  of  q.  To  track  q wo  must  know  rhangi’H  In  atmospheric  density 
(easily  programmable)  with  each  Increment  of  time  anil  also  rlmi'iges  In  velocity, 

This  Is  a "Catch  22"  situation  In  that  we  have  to  know  beforehand  what  we  art*  solv- 
ing for  (velocity)  In  order  to  solve  for  it.  The  program  attempts  to  get,  u round 
this  dilemma  by  employing  two  velocities,  a preliminary  or  estimated  velocity, 
by  whtoh  to  derive  a value  of  q,  and  a "final"  velocity  which  Is  obtained  using  the 
value  of  q as  derived,  The  values  of  *v  on  the  worksheet  (Table  All  are  the  flnul 
velocities.  (They  are  used  Inter  in  programs  P-F' and  P-10.  ) • 

In  the  first  Iteration  (T  c 0,02)  the  preliminary  velocity  li  obtained  hv  assuming 
that  the  pnrachute  syfitem  free  falls  for  the  period  of  t(,/00  or  0,  07  sec,  • Prelimin- 
ary Avj,  for  this  calculation,  Is  simply  -gt,  that  is,  -U2  (rounded-off  gravitational 
constant)  X 0.07  or  -2,24  fps,  This  Is  referred  to  as  ftvo>  The  preliminary  Vj  Is: 
v(  + Avq,  that  Is,  (-140  fps  + (-2,  24  fps))  or  -147,  24  fps,  The  program  then  solves 
for  the  final  Vj,  using  q,  D,  etc,,  developed  from  tlu>  preliminary  value  ol'Vj,  In 
the  course  of  the  solution  a flnul  Av,  Is  also  developed  <v } *■  V|  + Avj), 

In  the  second  Iteration  (T  = 0,04)  is  rorullcd  and  added  to  Avj  In  the 
empirically  determined  relationship! 


^v2  (prollm, ) 


* (2Av, 


Avo). 


01) 


From  &v2(preltm, ) a valux  for  v2{preiim, ) **  obtained,  thence  a final  value  for  Vj. 

In  succeeding  Iterations  the  preceding  final. A v la  added  to  the  final  Av  just 
obtained,  In  the  manner  shown  above)  for  example. 


*vS!prellm,  > B (2Av8  ‘ *vl> 


v3  (prelim.  1 * v2  + Av3  (prelim. ) * 

As  stated  earlier,  only  ench  5th  calculation  is  nctunlly  recorded  on  Table  Al. 
A3, 5 |)uvuli>|itm'iil  of  Ollier  I’mumtdt'rr 

Tho  program  also  determines  dletancee  travelled  vertically  (-AH)  during  a 
given  time  Interval  (and  accumulates  Hume)  to  enable  nltltude  to  be  known  at  nil 
times  and  to  assist  In  the  generation  Of  neoded  atmospheric  density  dntn,  Values 
of  dynamic  pressure,  q,  drag  (D),  and  height  obtained  during  these  calculations 
appear  In  tho  columns  so  marked, 

A3.li  r.i|iillllnlam  Vtdmdly 

In  tho  upper  right-hand  corner  of  Table  A I the  value  50,11311  has  been  Inserted 
opposite  V ...  This  Is  the  nbnolute  value  of  Ihu  theoretical  equilibrium  velocity 


(calculated  by  program  I1— HI)  for  the  system  at  the  Initial  altitude,  II,  (34,ll7<t  ft), 

This  calculation  Ih  for  reference  purposes  only,  It  Indicates  approximately  the  Vp 

which  will  bo  achieved  after  the  chute  is  fully  open,  Table  a (in  the  mnln  text)  shows 

thiil  V Is  reached  at  24,072  ft,  and  Is  -511,(17  fps.  If  wo  use  the  region  of  constant 
0 

q ns  the  moans  of  Identifying  V^,  the  workshool  shows  that  V{)  could  have  been 
selected  ns  early  ns  at  t *=  lb  10  see,  when  v * 511,  04  fps  and  II  24,  1 15  ft.  (lit  llu* 
actual  experiment,  It  Is  likely  that  equilibrium  will  be  considered  to  have  been 
achieved  oven  earlier  In  the  event,) 

Al),  C.AWUII.ATIONH  I'Oll  MU.I.Y  01’I.N  IbSKAr.llUTKS 


Ml.  I (it'IUM  Ill 

Tho  other  type  of  worksheet  In  this  Appendix  Involves  (lie  uhp  of  Program  P-  PIA, 
It  tracks  descending  parachutes  which  arc  fully  Inflated,  tlml  Is,  d'^S  1 Is  id  a 
maximum  ami  remains  constant.  This  acrounlH  for  the  lack  of  all  area  column  on 
the  worksheet,  Also,  there  Is  no  reference  to  Programs  P-0,  P-7P  or  P - 10  since 
the  computations  performed  by  those  programs  are  Inapplicable  here, 


1)0 


There  are  throe  new  columns  on  this  worksheet  which  do  not  appear  on  the  P4U 
sheeti  W,  V.  and  W refers'to  system  weight,  which  is  a variable  In  these 

D 

calculations  (see  Section  A3.  3)i  V refers  to  the  projected  equilibrium  velocity 
(see  Section  A3. 4)  and  PAH  refers  to  the  cumulative  changes  in  height  sinoo  time  Q. 

There  are  4 P-13A  worksheets  in  the  Appendix,  covering  events  3a,  4b,  (2 
sheets)  and  4c,  The  program  was  developed  basically  for  event  4b  and  has  been 
adapted  slightly  for  use  in  events  3n  and  4e.  Invent  4b  (Tables  A4  and  AS)  IS  the 
balloon  extraction  process  which  is  described  in  detail  In  the  main  text  (Section 
4, 4,  fl),  In  this  event  the  drogue  chute  te  suddenly  unloaded  from  330  lb  to  70  lb, 
and  then  gradually  loaded  up  again,  The  opposite  action  (sudden  loading  up,  grud- 
uni  unloading)  occurs  simultaneously  In  the  case  of  the  main  chute,  These  weight 
changes  greatly  niter  the  velocities  of  the  two  chutes  and  permit  them  to  pull  apart, 
11, y monitoring  TAM  for  both  chutes  one  can  determine  the  point  in  time  when  they 
are  102  ft  upart,  which  is  the  length  of  the  extracted  balloon,  In  addition,  a study 
of  the  D column,  particularly  in  the  case  of  the  drogua  chute,  shows  whether  It  is 
exerting  the  drag  neeossnry  to  pull  the  balloon  up  steadily,  Dynamic  pressure  (q), 
velocity  (v),  and  height  (II)  are  also  monitored. 

A3.2  (Itilt'iiiuliitti  Inimiil  Time 

The  term  filling  time  tf,  appours  cn  this  sheet,  even  though  the  parachutes  are 
fully  inflated.  In  this  case,  t . Is  retained  ns  n computational  convenience.  It 
really  refers  to  the  time  required  to  extract  the  balloon  and  to  oxtond  It  vertically 
to  its  full  length.  It  Is  assumed  that  there  will  lie  a linear  (with  time)  increase  in 
the  loading  of  the  drogue  chuto  us  the  liulloon  1h  pulled  up  from  its  storage  location 
at  the  apex  of  the  main  chuto,  The  selected  value  of  tj.  defines,  therefore,  the  time 
required  for  the  drogue  loading  to  go  from  70  lb  to  232  11),  [At  the  higher  weight 
the  drogua  supports  100  percent  of  the  balloon  weight  (1110  lb)  plus  32  lb  of  other 
components.  (SeeSectlon  A3, 3,  l|  The  tj,  value  on  Tables  A4  and  AH  was  deter- 
mined by  trial  and  error  to  lie  approximately  0 see,  whence  the  Iteration  interval, 
tj,/30,  of  0,  IB  sec.  (Men  note  AB,  ) 


AS,  The  values  displayed  In  Tables  A4  and  AB  are  not  consistently  those  associated 
with  simple  BX  multiples  of  the  iteration  Interval  (B  x , 111),  as  was  the  case 
with  the  Program  P-4U  worksheet  (see  Section  A2,2),  Initially,  when  large 
changes  are  occurring,  the  values  ure  recorded  ns  computed,  tlmt  is,  for 
every  suocessive  iteration.  During  the  section  labeled  "hanger  Intervals" 
data  are  Indeed  presented  at  multiples  of  the  Iteration  Interval,  because 
changes  per  Iteration  are  slight,  The  data  presentation  frequency  returns 
to  the  Iteration  frequency  ns  t approaches  If,  however,  because  of  the 
importance  of  the  final  momontH  of  the  extraction, 
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a#.#  The  tvvigiu  c.oiii|Hiiiiiii)ii 

The70-1b  weight  on  the  droguo  (Table  A4)  Immediately  after  tho  unloading 
occasioned  by  event  4a  Is  made  up  of  10  percent  of  the  balloon  weight  ( 1 H lb)  and 
52  lb  of  "other  component"  weight,  The  52  lb  figure  remains  constant  throughout 
the  extraction  process.  The  program  adds  l/50th  of  tho  residual  balloon  weight, 
that  Is,  1/80  of  ( 1.80- 18)  or  0,02  X 10  2 lb  with  each  new  ito ration,  so  that  \V  is 
increasing  by  Increments  of  3,  24  lb  per  iteration,  until,  when  t * tf  or  T * 1,  0, 

W Is  at  232  ]b,  (On  Table  AS  a similar  but  opposite  computation  Is  au fried  out,  as 
the  weight  on  the  main  chute  Is  llnoarly  decreased, ) 

All, 4 Piojootnl  I‘l4|iiittlirliiiii  Velocity 

The  i'litiul  velocity  <-20,  37  fp?)  tfliown  on  Table  A4  was  associated  with  the* 
loading  on  the  drogue  (330  lh>  Just  before  event  4n,  Tho  drastic  reduction  In  loading 
(3I1P  lb  to  70  lb)  caused  by  event,  4a  calls  for  a sharp  reduction  in  drogue  velocity. 

The  program  computes  u new  system  velocity,  therefore,  referred  to  as  the  "I'ru- 
Jectcul  neiutl'brlum  Velocity,"  V^j,  using  the  formula  of  note  20,  Section  4,4,  8, 
main  toxt^  Vej  (12, 1)31  fp*i)  is  hnsud  on  tho  70-lb  weight  and  the  atmospheric  den- 
sity of  tho  starting  altitude  (23,722  ft),  It  is  expressed  aw  nn  uboolute  value,  that  la, 
without  the  minus  sign  normally  used  In  this  report  for  rates  of  descent,  This  Is 
the  velocity  to  which  (theoretically)  the  drogue  would  d nod  orate  If  the  70-lb  load 
remains  constant.  However,  since  we  have  assumed  that  tho  drogue  loading  will 
Incrouso  with  time  ns  tho  balloon  Is  extracted.  It  Is  Impossible  for  V j to  bn 
attained,  and  the  trend  will  he  towards  acceleration,  Hvon  so,  It  Is  not  n useless 
computation  because  It  makes  possible  the  determination  or  the  actual  drogue  veloc- 
ity <-v)  at  tho  end  of  the  First  iteration,  The  compulation  Is  ropnntod  for  V^,,, 

Ve3,  etc,,  from  which  “Vg,  -v^,  etc,,  are  obtained,  (Soo  next  section,  1 From  tho 
Htop-by-stop  computation  of  thosu  velocity  values  the  program  enlculalPH  the  dis- 
tance travelled  (-All)  vertically  per  Iteration,  and,  by  summing  the  All  values, 
shows  how  fur  tho  system  has  fallen  when  t * t(,,  A similar  calculation  is  curried 
out  on  Tabic  A5,  the  difference  being  that  the  main  ehulo  is  losing  weight,  nTtor  an 
Initial  saddun  Immense,  and  consequently  It  Is  lending  to  decelerate,  The  change  of 
weight  is  linear  with  time,  as  In  the  case  of  the  drogue,  and  the  amount  of  weigh! 
transform!  per  iteration  is  the  sumo  us  on  Table  4, 

lly  comparing  the  **£,11  values  for  both  tho  droguo  and  tho  main  chute,  wo  cnti 
tell  whether  or  not  they  laws  soparntod  by  1 02  ft,  Note  rm  Table  A4  that  ’’“All  for  the 
tlroguu  at  P,  0 mm  is  -IBP, 42  ft,  whorous,  on  Tallin  A3  we  soo  n value  of  -274,  HP 
ft,  Tho  difference  of  -104,47  ft  Indluutus  that  wo  have  exceeded  our  end  point  of 
102  ft  and  that  n see  is  actually  n little  ton  long.  (At  H,  IIB  sac  the  saparntlon  is 
103,71)  ft,  but  not  all  the  weight  Iuih  been  transferred, ) 


TT''  . 


Ail..')  The  V t'lorii \ ('.ulruhiliuti 

The  usefulness  of  the  projected  equilibrium  velocity  (V  ) calculntion  will  now 
be  explained,  On  the  assumption  that  the  drogue  and  main  chutes  remain  stable 
subsequent  to  event  4a,  .a  further  assumption  is  made  that  the  parachute  will  take 
1/2  sec  to  go  from  Its  initial  velocity  (-Vj)  to  Vol,  (The  latter  assumption  which 
also  calls  for  W to  remain  constant  during  this  Interval,  is  a bold  one,  but  appears 
justified  on  an  empirical  basis, ) Thus,  If  the  system  goes  from  -v,  to  V , In 

l Vi 

1/2  sec 

^"^(instantaneous);  2(Veo  1 vel)  wliere  -vi  * Veo 


and 


" V <V  ■ ‘*1  (pruim.  I ■ 

whence  i 

’V1  (prelim. ) * -vl  + Avo  * 

The  program  usos  the  above  computations  to  solve  for  »•  v ^ q,r(?]|m  )•  Prom  tluii 
basis  it  proceeds  to  solve  for  &Vj  and  *Vj  final  as  was  done  in  Program  1 ,»4 IT  (see 
Section  A 2 , 4 > , Once  «v  ( final  has  been  determined  (along  with  q,  l>,  II,  ^£11) 

the  program  computes  a mnv  projected  equilibrium  velorlty  Ve^,  using  the  aug- 
mented weight  for  the  drogue  (the  decreased  weight  for  the  main  chute)  and  the 
appropriate  atmospheric  density  for  the  new  lower  altitude^  Ve^  then  serves  to 
determine  >Vg  In  the  manner  described  above.  This  process  Is  repented  until  the 
50th  Itorutlon,  when  t » tp.  U .... 


AO,  The  counting  number  shown  in  Ungtster  1 1 nt  the  huso  of  tlu>  forms  governs  the 
number  of  Iterations  performed. 


■ ■ ■ up spppfppi 
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oi  iAr-:rv:'.,i,:ii!_ . 
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\il,f>  'rallies  A 2 iilnl  AO 

Table  A2  In  constructed  In  a mnnnor  similar  to  Tables  A4  unci  AS,  with  one 
major  exception.  The  weight  on  the  drogue  remains  constant,  subsoquont  to  the 
unloading  which  occurs  In  event  !lu,  until  the  center  vent  pull  line  becomes  tout. 

At  that  point  there  Is  n stop  change  to  the  full  system  weight,  which  again  remains 
constant  with  time,  It  can  lie  seen  that  the  values  of  V do  not  vary  greatly  once 

R 

the  weight  hits  been  established. 

Table  All  also  employs  en  unvarying  weight,  It  has  been  Included  to  bridge 
the  gap  between  the  extraction  process  and  the  balloon  Inflation  process,  The 
U»sU|iiptlon  here  Is  that  the  drogue  quickly  accelerates  to  the  inn  In  chute  velocity^7 
when  the  bulloon  Is  fully  extended  and  that  the  array,  now  treated  ns  our  hypotheti- 
cal 72,  04 0 • ft  dlnm  chute,  takes  3,0  see  to  ranch  equilibrium  velocity, 


A7,  If  wo  examine  Table  A4  wo  note  that  the  drag  value  for  the  drogue  at  t « tf  or 
n hoc  (223,  fin  lb)  Is  less  titan  the  232  lb  weight  which  It  Is  supposed  to  ha 
supporting,  Tills  Is  because  the  drogue  has  not  fully  accelerated  by  the  end 
of  tiio  allocated  time.  With  the  hast!  of  the  balloon  still  attached  to  and 
supported  by  the  apex  of  the  main  canopy  there  Is  enough  drag  for  the  drogue 
to  extend  the  bnllnoii  vertically  until  It  becomes  In  essenm  a line  between 
tho  two  parachutes.  When  the  Hue  becomes  taut,  the  drogue  Is  snatilarutml 
to  main  chute  velocity  and  develops  330  1b  of  drug  as  before, 
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Table  M,  Event  4e,  System  Track  Hall 
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P41T:  Opening  Parachute  Descent  Parameters 
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1.  If  the  values  of  ^ from  I'nuKrim  p.g  [stored  In  Ret(.  16-<M ) are  plotted  .nnilnst  T, 

II  curve  similar  to  the  one  helow  will  lie  obtained,  hr  IK]  rum  P-7U  measure*,  the  area 

under  tnlt  curv.by  add  1 ng  the  areas  of  the  8 reetanglei  end  10  trlany  1 at  Into 
which  It  can  ba'  dtvldtfdi  For  eaamplo,  the  area  of  rectangle  1 is  b X h or  0,1  * tho 

value  of  jY  for  which  ii  itored  in  Reg. 16,  the  area  of  triangle  1 is  1/?  bh 
or  0.06  * jlfdfj,,!*  A»  each  segment  area  Ii  calculated  It  it  "lunmed"  to  Rog.02, 
so  that  at  the  end  of  the  program  the  content!  of  Rog.OS  equal  Ip  x t,  This  sum 
it  then  compared  against  V([1JJ  computed  by  Program  P-9  and  stored  in  Ray , ?S  If  the 
discrepancy  Is  large,  P-9  mutt  be  rerun,  ullng  values  of  »v  (velocity)  obtained  by 
a rerun  of  P4U  with  a haw  value  of  t(.  ‘ If  1 x T appro* Imates  VMX,  Program  P-10 
is  then  run. 


PLOT  OF$  v*T 


I 


H,  Although  the  curve  thown  above  Is  typical,  the  actual  configuration!;  very  from  cane 
tu  cflie,  The  ibex  ( ht yh«i t point)  may  occur  anywhure  from  t».J  (Ht»g,lH)  to  1-./. 
fhli  program  wai  tet  up  at  a "uni vorsal " program,  to  cover  all  casus,  with  a minimum 
of  change,  (Hence,  the  U In  the  program  numliei.)  If  tho  apex  Is  at  I •■.I,  I lu> 

luccetilve  valued  of  ducond  from  T« . <1  to  T-1.0,  If  the  apex  is  At  T- . / , tho 

defending  value*  occur  only  from  T» , 8 tu  T» | , 0<  thU  H Important  In  l.lir  computation 
of  the  triangle  arm,  SUM  1004  cover*  aicencHiiu  value*,  In  which  rase  the  previous 
jjl  Is  subtracted  frdiir  the  new  Jjj  to  obtain  the  value  of  h for  tho  1/?  bh  unmputat  Inn, 
SUflH  1QU6  covers  descending  valuei  of  [jy,  In  which  case  the  ful  lowing  value  is 

subtracted  f-om  the  new  valui.  1 he  plan  here  h to  Kuloct  tho  appropriate  MifonuiUiu' 
at  each  step  of  the  process  nl  calculat liuj  triangular  arras. 


J,  In  actual  practice  It  has  how  found  that  the  program  as  shown  Is  mlrniniir  ami  that 
there  Is  no  real  nerd  to  Juggle  snbrnut  I nr*  to  Hcuummuiliitr  thr  shilling  apr*. 


4.  The  triangle  which  occurs  Just  tn  the  right  ul  thr  a|r*x  (triangle  7 in  the  iprvr  almvr) 
is  not  separately  computed,  lls  area  Is  Intluiltid  In  the  tiompu Icit Uns  «l  the  tallest 
rectangle,  (see  note  v) 


9,  Subroutine  1 00?  detcnnlnot  the  aro.i  of  the  lullnst  m tangle,  using  a somewh.it 
complicated  method  aimed  at  acaimmuitoilMo  t hr  shifting  apex  (Irsrrlhrd  In  Note  ?. 

It  Lnmputei  a rectammUr  area  based  on  thr  nrlyht  value  ul  thr  ape*  and  sto*rs 
thl*  area  In  Peg, II  as  well  as  tunning  It.  hi  Uoy . U*f . It  then  cumputes  a L'nd 
area  based  on  the  height  value  of  the  next  point  uh  the  curvv.  Unly  ono  an*u 
1*  needed,  however,  per  the  yuomotrkil  cons  Ira  lot*  of  thr  figure,  The  area 
Just  computed  Is  added  !t>  the  area  stored  In  Hog, II  .Ind  divided  hy  two.  This 
average  aro«  Ii  the  one  which  will  bo  used,  Sitin'  thr  llrii.ll  uhm  has  alrn.itly 
lirmi  sunned  tu  Hey.fl?  an  adjuslninil  is  .mompllshed  by  siibltai  t Imj  thr  dUlinrmr 
betwoi"-  Hir  Rtjg.ll  art«*l  and  the  new  avi'inge  urra  from  Kimj  .1),’* . In  riamlning  lh 
curve  ..  vu  it  will  be  loot'  Unit  this  lOinpuiiHlnn  aKu  !m  hull"-  thr  area  ut 
irl.ni'ii'-  f, 

Figure  A4.  Flow  l>|ngrnm  for  I’rogrum  1*7 If,  Computation  of  Area  Under  Curve 
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'ignre  A 5.  Flow  Diagram  for  Program 


Appendix  B 

ALBS  Special  Balloon 


UAI1I1OON  SPECIFICATION  SHEET 
SPECIFICATION  NO.  7 60421,01 

A ECU.  MODEL  NO.  TTV-007 

(POLYETHYLENE) 

1.  PER  FOHMANCK 

Minimum  Paylnnrii  1100  Pound#  El  nut#  at  7B,000  ft 
Payload  i 1)04  Pound#  I'Tout#  nt  VO,  200  ft 

Mused  on  n Nominal  Hulloon  Weight  177  lb# 

2,  DESK  IN  AND  DIMENSIONS 

Throrntlcal  Maximum  Volume  , 157  Million  ft'^ 

(lore  Length  101,7  ft.  Maximum  Diameter  72, 1)6  ft 
Minimum  Inflated  Height  01,02  Tt.  Number  of  tlorea  2JL 
(lore  Half  Width.  Hb#*m  211,  4 In, , Apetu  DO.  II  In, 

( kin  Pattern!  Tailored  with  Hcctannular  End  Section# 
Haled  Loud  Tape  Sircnuthi  N/ A Ih# 

Number  of  Duett*  4 Aren  (Each  Du,  t)i  1,  DP  ft'1* 

Duet#  Located  on  (lore#  1,  H,  10,  and  '2 '2 
Hn««  Mark  Line  lo  Elliptical  Opening  D'2, 11  ft 
Hat**,  Mark  Line  to  Detachment  Point  B ft 
Length  of  Detached  Duct  I)  ft 


7!) 


Inflation  Tubed t 1 eaoli,  107.  7 ft  Iona  located  on  Gore  1, 
nt  n distance  1 ft  from  Apex  Mark  Line. 

Tube  to  be  l.nternul  to  the  balloon. 

Dcstruct  Devine  Donated  on  (tores  No.  JHI  and  27_.  Refer  to  Section  4, 
MATERIALS 

OOrUSSi  D_3  MILS  THICK,  PC  It  SPECIFICATION  MI1.-P-4B40  (USAFl, 
DtJCTSi  Lj!  MILS  THICK,  PISH  SPECIFICATION  MIL-P-4'B40  (USAFV, 
CAB1.R  SHEATIli  £0  MILS  THICK,  PEP  SPECIFICATION  MIL-P-4040 
(USAFl. 

INFLATION  TUHK(S):  3 MILS  THICK,  0^4  In.  FLAT  WIDTH,  MADE  FROM 
' SAME  GRADE  RESIN  AS  USED  FOR  BALLOON  CORES. 
REIN  FORCED  ADHESIVE  TAPEi  HM  COMPANY  linn  TAPE. 
UNREINFORCED  ADHESIVE  TAPE!  HM  COMPANY  Y 0307  TAPE  Oil 

W.R.l.HSA.  10-TAPE. 

APPLICABLE  DRAWINGS 

APEX  END  FITTING  TYPE  PER  DRAWINGi  1110102  unrl  HI 0 1 04 
HA  Si:  END  FITTING  TYPE  PER  DRAWINGi  1110102  and  111  OHM 
VALVE  COVER  PLATE  ASSEMBLY  PER  DRAWINGi  B- Hi  I OH 
VALVE  CABLE  PER  DRAWINGSi  RlOlOi-OI  and  R10107 
DESTRIBT  DEVICE  PER  DRAWINGi  SK7207fi.  01 

A P PI . I ( ' A RLE  SPECIFICATIONS 

TITLE  OK  SUU.lKt'T  NI'MBKE  OR  SnUIU'E 

"GENERAL  ENGINEERING  SPECIFI- 
CATIONS FOR  BALLOONS  FABRICATED 
FROM  HEATSEAI  ,A  BI.K  PLASTIC 
FILMS"  OCTOBER  1073 
"BALLOON  PACKAGING  AND  BOXING" 

OCTOBER  1 07  3 

"PRODUCTION  TENSILE  TEST  METHODS 
FOR  FIN  TYPE  BALLOON  GORE  HEAT 
SEALS"  ,lll|,Y  1074 

TENSILE  TESTING  oh'  BALLOON  LOAD 
TAPES 

QUALITY  Ci  »NTRi  >1. 


LCtt- 01 
l.CB-02 

I.CG-03 

CONTRACTOR 

Mii.-Q-immiA 


B0 


'3S. 


HK, conus 

(1  Sat  to  Contending  Officer,  1 Set  lo  be  Packed  in  Balloon  Box) 

"Balloon  Production  flooerd  Summary"  dated  October  1 bl 8 
"Balloon  Specification  Sheet" 

"Payload  Altitude  Curve" 

M-tSCKl-UANISOUS.:.  ... 

Dimensions  of -duct  ellipse  uxu«  Hlnxll  bd  as  determined  by  Innol  gore  width 
and  manufacturing  considerations,  but  minor  (horizontal}  axis  shall  not  bo 
more  than  one  half  the  major  axis, 

Apnx  fitting  shall  aocomVnodnte  bench  ltV-18  valve, 

Ucstriiot  device  buttons  ahull  bo  fabricated 'from  aluminum,  I lest  mot  device 
screw  shall  he  made  from  metal  compatible  with  the  button  maturlul  over 
the  complete  range  of  opu rating  temperatures.  The  screw  strength  shall 
be  consistent  with  the  dustcart  line  strength, 

Balloon  folding  shall  he  In  accordance  with  l'‘lgure  2,  I ,(.'(! ■01!  unless 
specific  exception  Is  reipieslrd  and  approved. 

Prior  to  sealing  balloon  In  the  red  polyethylene  wrapper,  balloon  shall 
he  ehtickad  for  twists.  Twists,  If  found,  shall  he  removed  using  sound 
handling  practices, 

Balloon  shall  he  sealed  within  reefing  sleeve,  Keel’lng  sleeve  shall  begin 
Hi  ft  from  apex,  Beefing  sleeve  Hindi  be  II  mils  (lileU,  one  side  red  and 
one  side  clear.  Tear  panel  shall  be  I lull  Ihlrk, 


Addendum 


Between  the  time  of  submission  of  the  first  draft  of  this  report  for  publication 
and  the  receipt  of  manuscript  for  review  by  the  author,  two  major  engineering 
changes  have  been  made  In  the  At.,BS  test  system  configuration,  It  Is  suggested 
that  the  reader  approach  the  report  In  Its  first  form,  and  then  proceed  to  incorpor- 
ate the  changes,  In  this  way,  the  revisions  should  become  more  meaningful  and 
more  readily  visualised, 

The  first  change  Involves  the  distribution  of  weight  on  the  main  canopy,  In 
the  new  configuration  only  the  balloon  and  Us  protective  Htifl  pack  will  be  mounted 
at  the  main  canopy  apex,  The  other  components  (communications  relay,  ballnHt, 
command/control  Instrumentation)  will  be  positioned  below  the  main  canopy  just 
above  the  cryogenics  unit,  (The  reader  Is  asked  to  examine  figure  7b,  and  mentally 
to  rearrange  components  as  suggested  above,  A sort  pack  should  be  substituted  for 
the  alum.lnum..framewprk, ) 

This  weight  redistribution  provides  a more  favorable  ratio  of  apex  weight  vs 
bottom  weight  and  eliminates  the  need  for  ballast  mentioned  In  the  main  text,  To 
i'  tccunpllsh  this  weight  change,  the  method  of  recovering  the  cryogenic  unit  had  to 
be  revised,  The  cryogenic  unit  will  now  fall  away  from  the  payload  at  the  base  of 
the  main  abuts  and  will  descend  on  Its  own  parachute,  which  will  have  horn  packed 
until  this  point,  Tim  mala  chute  will  collapse  when  the  balloon  starts  Its  ascent  and 
It  will  be  carried  to  balloon  float  altitude  with  the  payload  suspended  beneath  It, 

I.ater  on,  It  wilt  serve  as  the  recovery  chute  for  the  payload  when  the  balloon  flight 
Is  terminated,  (The  reader  Is  asked  to  compare  the  (Inscription  above  wllh  the 
concepts  depleted  on  KtgurBR  1«l  and  I't  and  t.n  make  the  necessary  vlsunll/nthm 
changes, ) 


r.n 
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The  second  etiangt  is  in  the'elmire  of  parachutes,  Tim  drogue  chosen  for  the 
Initial  K1  Centro  tests  will  bn  a Hii-ft  diameter  ring  slot  i-luiu.',  Tim  main  chute  will 
bn  a -Hi  -ft  diameter  rt  nu  sail  e.hutci,  It  is  believed  that  tin?  more  favorable  dynamic 
pressures  obtainable  with  this  clntln  combination  will  enhunre  system  perfnnmmer, 
(Other  parachute  arrays,  Including  a cluster,  are  under  consideration  as  hm-U-up 
systems  In  the  event  t hat  the  preferred  array  Is  shown  to  he  Unsuitable.  ) 

■ As  a result  of  the  above  ehangos,  tha  numerical  values  listed  in  Table  2 and 
the  support! ng  tables  are  obsolete  In  part,  New  values  have  been  enmputed  using  ■ 
the  same  bush:  procedures,  and  they  will  assist  In  test,  planning,  (Tlmy  will  not  hr 
given  here, ) 

llecttuso  of  the  diangos  and  because  of  administrative  delays  in  effecting  0 
working  immanent  between  the  Air  I’nree  Might  Test  Center  and  the  Air  1‘nree 
t leoph.ysios  laboratory,  the  flight  tost  program  ul  K1  Centre  has  linen  doluyod  by 
two  months  and  will  now  commence  hv.lttmmry  11)77, 

As  u mutter  of  Interest,  the  program  used  to  generate  the  values  listed  In 
Table  5 lias  been  improved  In  several  respects,  (Tim  original  version  m this  pro- 
gram, I'-MII,  Is  outlined  in  Mgurc  II.)  It  has  been  translated  into  l-'OHTHA N by 
Mr,  Mobert  Vesprlni  nf  Kmmamtel  College  and  Is  now  a valuable  tool  for  'pilol-dv 
guttgdlig  the  effort,  of  changes  In  gas  temperature  and  other  parnmelerH,  la  addi- 
tion, tlm  1,/M  ratio  computation  Ims  bent  Included  in  (lie  program  ami  Is  performed 
lor  ra eh  Iteration, 


